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Abstract 
This research was concerned with the generation and reaction of 
diene- and triene-conjugated nitrile ylides. The amide precursors were 
synthesised from readily available reactants via Pd(0) catalysed cross 
coupling reactions and the nitrile ylides were generated by the 1,3-
dehydrochiorination of imidoyl chlorides. 
Two series of triene-conjugated nitrile ylides were studied; firstly, 
those in which the a,',8 bonds were aromatic and then those with an 
aromatic ring only in the a,3 position. The first series reacted via a [3+2] 
cycloaddition across the olefinic double bond, when this was activated 
towards cycloaddition, to give a dibenz[e,g]indole. The presence of a 
methyl group at the 2 or 2'-position of the biaryl unit prevented 
cyclisation and dimeric products were then observed. When no methyl 
group was present reaction occurred via 1,7-electrocyclisation at the free 
ortho position of the y,8 aromatic ring to give dibenz[c,e]azepines. 
The second series of nitrile ylides in which the double bonds 
are olefinic cycised at 0 °C to give cyclopropa[c]isoquinolines as primary 
products. In cases where the terminal double bond was cis these products 
reacted further by a Cope rearrangement to give 1,4-bridged 
isoquinolines. In cases where the terminal double bond was trans the 
primary product rearranged on heating via a [1,5] carbon shift 
accompanied by a complex skeletal rearrangement to give an 
azatetracyclotridecatetraene and to a lesser extent via an equilibration 
between exo and endo isomers accompanied by a Cope rearrangement to 
give 1,4-bridged isoquinolines. 
The diene-conjugated nitrile ylides cyclised at room temperature to 
give cyclopropa [c] isoquinolines in a stereospecific reaction. Thermal 
decomposition of these products involved an equilibration between exo 
and endo isomers accompanied by ring expansion to give 1H-2-
benzazepines or a [1,5]-sigmatropic hydrogen shift to give 1H-
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The term 1,3-dipole applies to a class of reactive intermediates 
which may be defined' as systems a-b-c in which a has an electron sextet 
and c has an unshared electron pair, i.e. a has a formal positive charge 
and c has a formal negative charge. 
1,3-Dipoles are isoelectronic with both the allyl and propargyl 
anion, possessing four it-electrons spread over the a-b-c system. Dipoles 
in which the positive centre a is an electron deficient carbon, nitrogen or 
oxygen atom are, in general, too unstable for long lived existence. The 
system may, however, be stabilised if atom b is capable of donating an 
electron pair as shown below. 
a=b—c 
This donation of the electron pair leads to the formation of a more 
stable "all octet" configuration in which the site of the formal positive 
charge is shifted to atom b. 
Octet stabilised 1,3-dipoles may be divided into two classes, those 
with an orthogonal double bond, i.e. the aflenyl-propargyl type, and those 
without an orthogonal double bond, i.e. the allyl type, as shown in Table 
1. 







Table 1. 	1,3-Dipoles with octet stabilisation 
(a) 1,3-Dipoles of the allenyl-propargyl type 
+ 	- 	 ___ 	 +----- 
—C- N—C 1-1 CNC Nitrile Thdes 
+ 	---- 	______ 	 + 	---- 
—C=N—N 4 	 —CN—N Nitrile Imines 
—G-N- 6 	 -10 	 —CN—O Nitrile Oxides 
+ 	----- 	 + 




N=N—O 	4 	 NN—O Nitrous Oxide 
+0 
O__ O 	 O*&_o 	Ozone 
+ 	 + 
Carbonyl Oxides 
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Allenyl-propargyl type 1,3-dipoles have nitrogen as the central 
atom b since it is the only element capable of donating an electron pair 
whilst in the neutral trivalent state. Allyl type 1,3-dipoles can have 
nitrogen or oxygen as the central atom. 
The geometry of the two types of dipoles are different. Ailenyl-
propargyl dipoles tend to be linear due to the presence of an extra 
orthogonal double bond, whereas allyl type dipoles are bent. 
The structure of 1,3-dipoles is best represented through a series of 
resonance structures, e.g. the canonical forms (i)-(v) for a nitrile ylide 
















The all octet structures (ii) and (iii) are the most stable 
representations of the nitrile ylide although the term 1,3-dipole applies 
strictly to structures (i) and (v), and structure (iv) represents the 
carbene form. It is, however, accepted that the term 1,3-dipole is 
applicable to the molecule as a whole as it best describes the observed 
reactivity. 
1.2 Reactions 
1,3-Dipoles react readily with most multiple bond systems 12 (d=e); 
(the dipolarophile) via a [3+2] cycloaddition reaction to give a five 
membered cyclic product. The reaction leads to the formation of two new 
a-bonds at the a and c termini, to give a product with no net charge. 1,3- 
Dipolar cycloadclitions can occur as both inter- and intramolecular 
5 
reactions. If the 1,3-dipole is attached to a system through which its 
conjugation can be extended then there is also the possibility of an 
electrocycic reaction. 
1.2.1 Intermolecular 1,3-Dipolar Cycloadditions 
The general features of mechanism and patterns of reactivities and 
selectivities in 1,3-dipolar cycloaddition reactions were established by 
Huisgen et a11,3  in the sixties. 
These reactions are thermally allowed 47r + 2t processes which 
possess certain characteristic features. (1) Neither rate nor 
stereochemistry of the reaction is markedly affected by solvent polarity. 
(ii) The products are 5-membered rings with the stereochemistry of the 
dipolarophile retained. (iii) The reactions exhibit low enthalpies of and 
large negative entropies of activation. (iv) The reaction rates are 
increased by conjugation in the dipolarophile, but reduced by steric 
effects in dipole and dipolarophile. 
There has been much debate over the mechanism of 1,3-dipolar 
cycloadditions, primarily between Huisgen 3 ' 4 and Firestone. 5 ' 6 ' 7 
Huisgen' originally proposed a concerted [3+2] mechanism 
involving a cyclic transition state with no discrete intermediate. This 
was reinforced by the Woodward and Hoffmann rules, 8 which showed 
that this mechanism is allowed on the basis of conservation of orbital 
symmetry. A later proposal by Firestone 5 ' 6 ' 7 involves a two step 
mechanism in which the formation of a discrete spin-paired diradical is 
the rate determining step. In this case the stereochemistry of the 
reaction was explained in terms of ring-closure being energetically more 
favourable than bond rotation in the diradical. Firestone also suggested 
that the effects of conjugation and solvent effects could be better 
explained by the diradical mechanism. 
Fukui9 had earlier postulated that reactions take place in the 
direction of maximum frontier molecular orbital overlap. This results 
from the union of the two centres of highest frontier orbital density and 
the union of the two centres of lowest frontier orbital density, i.e. 2 below. 





Since the relative energies and orbital coefficients of the HOMO 
and LUMO are strongly affected by the substituents, and are the main 
factors affecting the regioselectivity and rates of reaction, Houk 10 was 
able to achieve an almost complete rationalisation of the observed results 
in terms of substituent effects. 
These results lend credence to Huisgen's assertion that the effects 
of conjugation and solvent polarity could be best explained by concerted, 
but not necessarily synchronous, bond formation at the dipole termini. 
That is, the bond a-d in 2 above will be more fully developed in the early 
part of the reaction than that between c and e. Huisgen maintained that 
although not completely synchronous, the reaction involved only one 
step. 12 
In Figure 1 the frontier 7r-molecular orbitals of a 1,3-dipole and an 
ethylenic dipolarophile are depicted. The diagram reflects the two-
directional flow of electrons during a concerted cycloaddition; from HO 
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Figure 1 
Sustmann's PMO model of concerted cycloadditions13 ,14  envisages 
two cases in which the stepwise mechanism might compete with the 
concerted one. Firstly, if the energy differences between the two 
interacting HO-LU pairs are large and of the same magnitude then the 
sum of the two energy gains AE1 + iE2 is small. This corresponds to a 
minimum of rate and a diradical mechanism may be expected to compete 
if radical stabilising substituents are present. 
The first example of this pathway was reported by Baran and 
Mayr. 15 The sterically hindered 1,3-diene 5 combined with diphenyl 
nitrone 4 to give 32% of the diastereomeric [3+2] adducts and 18% of a 
[3+4] adduct 9. Orbital symmetry forbids the formation of 9 by a 
concerted [4 + 47t] process, therefore the diradical 6 must be formed. 
This intermediate, stabilised as a nitroxyl radical and an allyl radical, 
looks attractive and would give the observed products via 1.5- and 1.7-
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Scheme 2 
A second limiting case for the two-step reaction might be expected 
when the interaction HO (1,3-dipole)-LU (dipolarophile) is strongly 
dominant in the transition state. This situation would arise when the it-
molecular orbital energies of HO (1,3-dipole) and LU (dipolarophile) are 
similar and those of HO (dipolarophile) and LU (1,3-dipole) are widely 
different, Figure 2. 
Further lifting of the it-molecular orbitals of the 1,3-dipole and/or 
lowering of those of the dipolarophile will, in extremis, lead to the second 
interaction energy gain (AE2) being negligibly small. AE2 will no longer 
be able to pay the entropy price required for the highly ordered transition 
state for the concerted reaction and a undirectional electron flow will 












P3 LU ) 6 () 
00 
P2 	HO 	a—b—c 
000 












iE 1 >> AE2 
E l=Ev2-E4jBHO (1,3-dipole)- LU (dipolarophile) 
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Figure 2 
Huisgen16 found that aliphatic thiocarbonyl ylides and ethylene 
derivatives bearing four electron withdrawing substituents provided a 
reactant pair with widely different molecular orbital energies. 
The reaction of 2,2,4, 4-tetramethylcyclobutan- 1 -one- 3 -thione -S-
methylide 12 with dimethyl-2,3-dicyanofumarate gave the cis, trans-
isomeric cycloadducts 16 and 17 in 94% yield and 48:52 ratio. Rotation of 
the zwitterionic intermediates 14 and 15 were considered responsible for 
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Houk has carried out extensive molecular orbital calculations 
which give theoretical values to the orbital coefficients for a series of 
dipoles and dipolarophiles. This data, therefore, allows the prediction of 
the product(s) for any given experiment using various dipoles and 
dipolarophiles, provided that the dominant f.m.o interaction can be 
identified. The major difficulty was that the f.m.o.'s of both the dipoles 
and the dipolarophiles vary over a wide energy range. The identification 
of the dominant f.m.o. interaction was simplified by the classification of 
the dipoles into three groups, depending on the energy of their f.m.o.'s by 
Sustmann. 17 The three types of interaction are shown in Figure 3: In 
each case the major interaction(s) are shown by an arrow. 
11 
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Figure 3 
The main 1,3-dipoles in Type 1 are nitrile ylides and diazoalkanes, 
in Type 2 are nitrile imines, nitrile oxides and azides, and in Type 3 are 
nitrous oxide and ozone. 
Type 1. This is a system where the energy of the f.m.o.'s of the 
dipoles are high. The major stabilising effect in the transition state is 
between HO (dipole)-LU (dipolarophile). The introduction of substituents 
onto either the dipole or the dipolarophile will have an effect on the 
energy of the f.m.o.'s and hence the transition state of the reaction. An 
electron donating substituent attached to the dipole raises the energies of 
both the HOMO and LUMO. Thus the major interaction becomes more 
stabilising to the transition state. Therefore, electron donating 
substituents attached to the dipole accelerate the reaction. Electron 
withdrawing substituents attached to the dipole have the opposite effect 
and lower both the HOMO and the LUMO of the dipole, and this leads to 
a reduction in the major stabilising interaction and therefore, the 
reaction is retarded. 
12 
Conjugated substituents raise the HOMO and lower the LUMO 
and this leads to an increase in the dominant f.m.o. interaction and an 
increased reaction rate. 
The effect of substituents on the dipolarophile parallels the effect 
on the dipole. For example the effect of an electron withdrawing group on 
the f.m.o. of the dipolarophile leads to an increase in the reaction rate. 
Although the minor f.m.o. stabilising interaction HOMO (dipolarophile)-
LUMO (dipole) has not been discussed, the same treatment can be 
applied to the relationship of this effect on the transition state. However, 
the minor stabilising interaction influences the transition state to a much 
lesser extent and is, therefore, commonly ignored. 
The reactivity of Type 2, 1,3-dipoles is different from that of Type 
1, 1,3-dipoles. The addition of either electron donating, electron 
withdrawing or conjugating groups to the dipole increases the reaction 
rate. This is due to the formation of a major f.m.o. stabilising interaction 
previously missing from the unsubstituted dipole. The reactivity of Type 
3, 1,3-dipoles is opposite to Type 1, 1,3-dipoles. 
1.2.2 Intramolecular 1.3-DiDolar Cycloadditions 
Intramolecular 1,3-dipolar cycloadditions require a molecule which 
contains both the 1,3-dipole and a dipolarophilic group. The cyclisation 
occurs via a [3+2] mechanism, as described for the intermolecular case, to 











Lebel and Whang 18 reported the first example of an intramolecular 
1,3-dipolar cycloaddition in 1959. The nitrone 20, prepared either by 
13 
oxidation of an N-alkenylhydroxylamine 18 by mercuric oxide or by 
condensation of an unsaturated aldehyde 19 with N-
methyihydroxylamine, gave a fused bicyclic isoxazolidine 21, Scheme 4. 
HO 	 HgO N—(CH2)4—CH=CH2 
Me 
18 











Several reviews19 20,21  of intramolecular cycloadditions have been 
published and numerous papers have reported the use of this reaction in 
the synthesis of natural products.22 ,23  Nitride ylides, nitrile imines, 
azomethine imines, azides, diazoalkanes, nitrones, nitrile oxides and 
carbonyl oxides have all been shown to undergo intramolecular 
cycloaddition.20 
1.2.3 Electrocyclic Reactions 
In cases where the 1,3-dipole is in direct conjugation with the 
dipolarophile there is the possibility of an electrocyclic reaction. 24 An 
electrocyclic reaction is defined 25 as one in which an unsaturated system 
undergoes a ring closure in a process that can be regarded as a cyclic 
electron shift, the net result being the conversion of a ic-bond into a ci-
bond. Electrocycic processes belong to the class of one-step pericyclic 
reactions which conform to the principle of conservation of orbital 
symmetry. The stereochemical course of these reactions may be predicted 
by inspection of the symmetry of the highest occupied molecular orbital. 
14 
1,3-Dipolar electrocyclic reactions fall into three main classes; (i) 
47r- 1, 3-retroelectrocycisation, (ii) Gir- 1, 5-electrocycisation and (iii) 8n-1,7- 
electrocyclisation. 
1,3-Retroelectrocycisations have been widely used for the 
generation of 1,3-dipoles, especially nitrile ylides, azomethine ylides 23, 
via the thermolysis of aziridines 22, 26 azomethine imines 25, via the 
thermolysis of diaziridines 2427  and carbonyl ylides 27, via the 
thermolysis or photolysis of oxiranes 26, Scheme 5 • 28 ,29 
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Scheme 5 
1,3-Dipoles of both the allenyl-propargyl and the allyl type are 
capable of 67r-1,5-electrocycisation when conjugated with a double bond, 
to form charge free five-membered rings. 1,5-Electrocycisations of 1,3-
dipoles has been used in the synthesis of many monocydic and fused 
unsaturated, aromatic and heteroaromatic systems and has been the 
subject of major reviews.30,31  
15 
1, 7-Electrocycisation may compete with 1, 5-electrocyclisation 
when the 1,3-dipole is in conjugation with an a,:7,8-unsaturated system. 
These electrocydisations involve an 87r-electron system and are 
isoelectronic with the ring closure of the heptatrienyl anion. On the basis 
of conservation of orbital symmetry these reactions are predicted to 
proceed, thermally, via a conrotatory ring closure to form seven 
membered heterocycles, e.g. 28 to 29. 
+ - a 
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A variety of a,13 :y,6-unsaturated 1,3-dipoles have been shown to 
undergo reactions of this type. 3 ' The most thoroughly studied 1,3-dipolar 
systems found to undergo 1,7-electrocyclisations were diazocompounds. 
Diazoalkanes of the type 30 undergo 1,7-electrocyclisation to give the 
benzodiazepines 31.32  The initially formed diazepine undergoes a 1,5-
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Systems of these types have been shown to be sensitive to steric 
effects in the conjugated system 33 and also to substituents on the 
16 
terminus of the double bond. The diazocompound 32 with aj:y,8-o1efinic 
unsaturation, undergoes 1,7-electrocydisation followed by a [1,5]-
sigmatropic hydrogen shift when Ri = H. When R 1 # H, the reaction 
proceeds via 1,5-electrocycisation followed by successive [1,5]-vinyl and 
hydrogen migrations to give the pyrazoles 34 and 35, Scheme 7. 




















When the aj3-unsaturation is aromatic in character, 1.7-
electrocycisation followed by a [1,5]-hydrogen shift occurs when a cis-
hydrogen is present on the terminal double bond. When no cis-hydrogen 
is present the diazocompound loses nitrogen and reacts to give carbene 
derived compounds, Scheme 8. 
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The mechanism of these 1,7-electrocycisation reactions was 
postulated by Robertson and Sharp 34 to proceed via a helical transition 
state 36. This transition state leads to the minimum distortion of the 
diazo group from its preferred linear geometry. Recent ab-initio 




2. 	Nitrile Ylides 
2.1 Structure Of Nitrile Ylides 
Nitrile ylides belong to the class of 1,3-dipoles generally called 
nitrilium betaines; they are based upon a C-N-C system and have an 
orthogonal double bond. 
Nitrile ylides are the least stable of the nitrilium betaines and are 
only isolable in a matrix at very low temperature. 36 
As mentioned previously the existence of a t-bond in the plane 
perpendicular to the allyl system generally leads to the allenyl-propargyl 
1,3-dipoles adopting a linear conformation. In 1963 Huisgen' suggested 
that, in order to maximise allyl resonance and give maximum overlap for 
the orthogonal double bond, nitrile ylides would have a preferred linear 
and planar conformation 37, the bent form 38 being less important. 
i1 










Molecular orbital calculations'°' 11 were made on the assumption 
that the nitrile ylide had a linear geometry. These calculations gave the 
coefficients for the frontier molecular orbitals. However predictions based 
upon this model always led to the opposite regioisomer to that obtained 
experimentally. 
Houk concluded that these calculations must, therefore, be wrong 
and carried out further MO calculations with geometry optimisation. 37 
These ab initio calculations indicated that the geometry of the nitrile 
ylide is appreciably different from the linear-planar conformation 
suggested by Huisgen. He concluded that the bent nitrile ylide 39 is 
more stable than the linear structure 40 by 11.1 kcalmol-' and thus 
resembles a bent allenyl anion rather than a planar propargyl anion. 
1O8. 
50 	





Houk's calculations show that the bent nitrile ylide HOMO is 
heavily localised at the nitrile terminus (C-i), but still resembles the 
normal three-orbital, 4n-electron system of other 1,3-dipoles, so that 
concerted cycloadditions can still occur. 
19 
The preference for H-C-N bending has been attributed to the 
mixing of the very high lying HOMO in nitrile ylides with the vacant 
orbital which is mainly YCH* in character. 
Figure 4 shows the f.m.o.'s and gross heavy atomic charges for the 




0.94 	0.54 0.14 
	
0.38 0.75 	0.76 
LUMO 
~f--4 	HOMO 
0.83 	0.21 	0.53 
Figure 4 
The large HOMO coefficient at C-i makes this the more 
nucleophilic terminus. Thus regioselectivity of the cycloadditions to 
electron deficient alkenes where C-i adds to the more electrophilic 
terminus can be accounted for. 
The destabilisation of the linear relative to the bent conformation 
can be compensated for by placing electron withdrawing groups on the 
methylene (C-3) terminus. This results in the HOMO decreasing in 
energy and becoming more localised at the C-3 terminus. Thus bending 
results in less mixing of the HOMO with the UCH* orbital. This loss of 
II 
stabilisation is compensated for by the increase in allyl resonance in the 
planar form. For example bis(trifluoromethyl)benzonitrile ylide adds to 
electron deficient alkenes to give the opposite regioisomers to those of 
simple nitrile ylides. 38 Thus electron acceptors at C-3 stabilise the linear 
relative to the bent species and electron donors at C-3 favour the bent 
form. 
2.2 Generation 
The first reported nitrile ylide 39 was generated by Huisgen as part 
of a programme of research into nitrilium betaines. By analogy to the 
generation of nitrile oxides by treatment of hydroxamic acid chlorides 
with bases, the corresponding imidoyl chlorides were expected to form 
nitrile ylides under similar conditions. Thus N-(p-
nitrobenzyl)benzimidoyl chloride 41 was treated with triethylamine in 
benzene at 0-20 OC to give benzonitrile-p-nitrophenylmethanide 42, 
Scheme 9. 
Ph—C" 




The 1,3-dipolar nature of the intermediate was demonstrated by 
the formation of cycloadducts when the reaction was carried out in the 
presence of trapping agents. 
The base catalysed dehydrohalogenation of imidoyl chlorides 
represents a general route to nitrile ylides as the synthesis of the starting 
materials 44 involves a straightforward chlorination of the readily made 
amides 43, Scheme 10. 
21 
	







The chlorination of the amide may generally be achieved by 
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Other thermal routes to nitrile ylides 45 include (i) the elimination 
of a phosphoric acid ester from 2, 3-dihydro- 1,4, 2X 5-oxazaphospholes 
46,' ,42  (ii) elimination of alkyl thiophosphates from 2,3-dihydro-1,4,2X 5-
thiazaphospholes 4743 and (iii) thermal extrusion of carbon dioxide 
from 3-oxazolin-5-ones 48 , 45  Scheme 11. 
Nitrile ylides may also be generated by photochemical means. Two 
of the thermolytic precursors to nitrile ylides, i.e. 2,3-dihydro-1,4,22 5-
oxazaphospholes 46 and 3- oxazolin- 5 -ones 48 also give the nitrile ylide on 
photolysis. 3-Imino-1-azetidines 49 lose isocyanides to give nitrile ylides 
photochemically. 38 The most thoroughly studied method of nitrile ylide 






The usefulness of this approach stems from the fact that a wide range of 
substituted 2H-azirines 51 are available by photolysis of vinyl azides 47 or 
by the modified Neber reaction, 48 Scheme 12. 
N' NMe2 
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2.3 Reactions of Nitrile Ylides 
2.3.1 Intermolecular Reactions of Nitrile Ylides 
Nitrile ylides undergo typical 1,3-dipolar reactions such as 
dimerisation36 and [3+2] cycloadditions to multiple bonds to form five-
membered heterocycles. 48 
The 1,3-dipolar cycloaddition reactions of nitrile ylides with all 
dipolarophiles, except the very electron rich, are HOMO controlled 
according to Sustmann's classification. 13  That is, the dominant frontier 
orbital interaction is that between the 1,3-dipole HOMO and the 
dipolarophile LUMO. This explains the reactivity of nitrile ylides 
towards electron-deficient multiple bonds. Dipolarophiles of this type 
have LUMO's which are lower in energy and which can, therefore, mix 
better with the nitrile ylide HOMO. 
23 
Substituents on the nitrile (C-i) terminus have been shown to have 
little effect on the HO-LU separation of nitrile ylides 49 and therefore have 
no substantial reactivity or regioselectivity effect on the reaction with 
electron deficient double bonds. Substitution at the methylene (C-3) 
terminus, however, does affect both regioselectivity and reaction rate. 
Electron-withdrawing or conjugating groups, lead to slower reaction of 
the nitrile ylide. Electron-withdrawing groups at the C-3 terminus affect 
the regioselectivity of the nitrile ylide cycloaddition by making the energy 
difference between the bent and linear conformations much smaller, as 
explained earlier. For example, Burger 5° found that two trifluoromethyl 
groups on the methylene carbon of the nirile ylide 52 gave a mixture of 
regioisomers in the reaction with phenyl vinyl ether, Scheme 13. 
OPh 







52 	 R 	
< CF3 
N CF3 	27% 
Scheme 13 
Increasing the LU energy of the dipolarophile through electron 
donating substituents suppresses the rate of 1,3-dipolar cycloaddition 
whereas electron-withdrawing or conjugating groups on the dipolarophile 
lower the LU energy and accelerate cycloaddition.5' ,52 
In unsymmetrically substituted dipolarophiles with electron-
withdrawing or conjugated substituents at only one end, the larger 
coefficient in the LUMO is at the dipolarophile terminus remote from the 
substituents. As described earlier, the preferred mode of reaction 
involves attachment of the dipole and dipolarophile termini with the 
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larger coefficients. Thus, in the reaction of the nitrile ylide 53 with 
acrylonitrile the C-i terminus of the 1,3-dipole becomes attached to the 
unsubstituted end of the dipolarophile, Scheme 14. 
CN 
H2C=CH—CN 	 R C6HNO 
+ 54 




Nitrile ylides have also been shown to undergo 1,3-dipolar 
cycloaddition with CS, CN, CO and cumulated double bonds 53 as well 
as with carbon-carbon triple bonds to give pyrroles. 
Reactions of nitrile ylides with E and Z alkenes have shown that 
the reaction is stereospecific, with the stereochemistry of the alkene being 
retained in the product. This provides strong evidence for the proposed 
concerted mechanism. 54 
The mechanism of the 1,3-dipolar cycloaddition of nitrile ylides has 
been proposed to proceed via a "parallel-planes" transition state. That is, 
the 1,3-dipole and dipolarophile approach each other to form a two-plane 
orientation complex,' Figure 5. 
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Figure 5 
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During the activation process the "linear" bond system of the 
nitrile ylide must bend in order to place the termini in contact with the 
termini of the ic-bond system in the dipolarophile. This involves 
disruption of the orthogonal double bond, but leaves the allylic it-system 
intact. The nitrogen is moved upwards (the path is indicated by an 
arrow) until it reaches the plane of the remaining four centres in 57. 
Nitrile ylides produced photochemically from 2H-azirines are 
stable in glassy matrices at -196 °C. When the DMBP matrix for 
benzonitrilio phenylmethanide 58 is warmed to -150 O,  a new compound 
2,5-diaza-1,3,5-hexatriene 59 is rapidly formed. Nitrile ylide 58 reacts at 
-150 °C by a direct head-to-head coupling reaction, a type of [1+1] 
"cycloaddition"; that is 58 reacts with itself as though it corresponds to a 
resonance-stabilised carbene, 55 Scheme 15. 
+ 
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Burger and co-workers 56 observed that heating 5-tert-butyl-3,3-
bis(trifluoromethyl)-2, 2, 2-trimethoxy-2, 3-dihydro- 1,4, 2X 5-oxazaphosphole 
60 in xylene at 140 °C results in a 70% yield of E-2,5-diazahexa-1,3,5-
triene 62 and trimethyl phosphate. The intermediate involved in this 
reaction is most likely the nitrile ylide 61 which furnishes 62, by a head-
to-head combination, Scheme 16. 
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2.3.2 Intramolecular Reactions of Nitrile Ylides 
As discussed previously 1,3-dipolar cycloadditions proceed via a 
"parallel-planes" transition state. In molecules which contain both a 
nitrile ylide and a dipolarophilic moiety, normal 1,3-dipolar cycloaddition 
may take place if the two groups can attain this geometry. If this 
geometry cannot be attained then a different mode of reaction becomes 
dominant. 
Nitrile Ylide Carbene 
o-o---0 -  H 
	
SLUMO 	n—H LUMO 
- LUMO 
4- HOMO 	 2H HOMO 
Figure 6 
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Houk's calculations 37 have shown that for the bent nitrile ylide 
geometry, the HOMO and LUMO bear a strong resemblance to the 
HOMO and LUMO of a singlet carbene, Figure 6. 
Since singlet carbenes readily react with double bonds then an 
analogous 1, 1-cycloaddition of nitrile ylides with double bonds might be 
expected. This type of reaction was first observed by Padwa and Carisen 
in 1975. 57  When a deaerated solution of 2-allyl-2-methyl-3-phenyl-2H-
azirine 63 was irradiated in cyclohexane, an extremely rapid and clean 
conversion to 3-methyl- 1-phenyl-2-azabicyclo [3.1.0] hex-2-ene 66 was 

























The intermediacy of the nitrile ylide 64 in this process was 
demonstrated by trapping with a reactive dipolarophile. When carried 
out in the presence of dimethyl acetylene dicarboxylate the 1,1-
cycloaddition was entirely suppressed and only the cycloadduct 65 
derived from 1,3-dipolar cycloaddition was isolated. 
The carbene like reactivity of nitrile ylides arises when the 
parallel-planes complex required for 1,3-dipolar cycloaddition cannot be 
attained. The two-plane transition state requires a high degree of order, 
and geometric constraints may prevent the four centres required for 
reaction from coming together with the required geometry. The 
transition state for 1, 1-cycloaddition has lower geometric requirements as 
only three centres are involved. 
In 1977 Padwa and Carlsen58 proposed a stepwise carbenic 
reaction of allyl-substituted nitrile ylides to explain the fact that the 
reaction gave a mixture of products, Scheme 18. It was suggested that 
photolysis of the azirine 68 led to formation of the nitrile ylide 69. Padwa 
proposed that attack of the carbene carbon of the dipole at the terminal 
position of the allyl double bond generated a six membered intermediate 
70. Subsequent collapse of this intermediate was proposed to give the 
mixture of 2-azabicyclohexene products 71 and 72. 
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The "non-concertedness" of this reaction was surprising given that 
singlet carbenes undergo concerted cycloaddition with olefins. 59 Fischer 
and Ste glich, 6° who generated analogous nitrile ylides by thermal 





















Thermolysis of the 3-oxazolin-5-one 73 gave the nitrile ylide 74 
which reacted via 1, 1-cycloaddition to give the 2-azabicyclo[3. 1.0]hexene 
75 with total retention of stereochemistry. Subsequent irradiation of the 
product caused an equilibrium of the endo- and exo-isomers to be set-up, 
thus accounting for the product mixture observed by Padwa, Scheme 19. 
Sharp6' also found that the nitrile ylides 78 generated by 
dehydrochlorination of the imidoyl chloride 77 underwent reaction which 
gave the products expected from a concerted 1,1-cycloaddition. In all 
cases there was a complete retention of stereochemistry, consistent with a 
concerted reaction. The nitrile ylide 78 possesses an a,:'y,6-conjugated 
system and it is possible that the reaction proceeds via 1,7-
electrocyclisation to give the benzazepine 79, which rapidly ring-collapses 
to the cyclopropa[c]isoquinoline 80, Scheme 20. 
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The mode of intramolecular cycloaddition also depends on 
substituents.46' 62  For example nitrile ylide 81, R=Me, reacts cleanly via 
1, 1-cycloaddition to give 82, but the presence of electron withdrawing 
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groups on the double bond 81, R=CO2Me, leads to a switch in mechanism 
with 83 being the only isolated product, 46 Scheme 21. 
Me 
4 	
. 	 Me 
81 j 
R=CH3 	 R=CO2Me 
Me Me 
\, 	 Me 
N 
0:: 1 	 R 
82 	 83 
Scheme 21 
The dual reactivity of nitrile ylides in intramolecular 
cycloadditions, as demonstrated by the above reactions, can be explained 
by the flexibility of the 1,3-dipole. The linear form is understood to be the 
species which reacts in 1,3-dipolar cycloadditions via a transition state 
which involves bending of the 1,3-dipole, whereas the bent form is 
responsible for the carbene-like 1,1-cycloadditions. The ability to bend 
and rehybridise with only a small energy demand is crucial for the 
attainment of the transition-state geometries required for both 1,1- and 
1, 3-cycloaddition. 
2.3.3 1,7-Electrocyclisation Reactions of Nitrile Ylides 
Nitrile ylides of the type 84 which possess a,3:'y,-conjugation are 
isoelectronic with the heptatrienyl anion. This system is known to 
undergo thermal conrotatory electrocycisation to the cycloheptadienyl 
anion, therefore the analogous reaction of the nitrile ylide would be 
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Padwa and co-workers 63 found that irradiation of Z-3-phenyl-2-
styryl-2H-azirine 86 in benzene gave 1-phenyl-3H-2-benzazepine 89 as 
the one major product. The formation of this product was explained in 
terms of a 1,7-electrocydisation of the nitrile ylide 87 followed by a [1,5] 
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Photolysis of the bicycic isoxazoline 90 is believed to involve the 
intermediacy of the Z-azirine 91. This species could not be isolated but 
ring-opens to the nitrile ylide 92. The 1,7-electrocycisation of the nitrile 
ylide gives 2-phenyl-1,3-oxazepine 93,64  Scheme 23. 
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Scheme 23 
The scope of 1,7-electrocycisations of nitrile ylides has been 
broadened by the work of Sharp and co-workers. Nitrile ylides of the type 
95, thermally generated via the 1,3-dehydrochlorination of imidoyl 
chlorides 94 were shown to undergo 1,7-electrocycisation to give 
dibenz[c,e]azepines 97,65  Scheme 24. 
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The versatility of 1,7-electrocycisation reactions of nitrile ylides of 
this type was extended by incorporation of a heterocyclic moiety into the 
a,f3:y,6-unsaturated system. Nitrile ylides of the types 98, 99 and 100 
were all shown to give the products expected from 1,7-electrocycisation 
101, 102 and 103 respectively, 66 Scheme 25. 
It is not absolutely clear whether these products derive directly 
from the 1,7-electrocycisation reaction followed by 1,5-hydrogen 
migration or from the 1,1-cycloaddition of the nitrile ylide across the 
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Sharp and Reece 67 have generated the nitrile ylides 104, 105, 106, 
107, which have been observed to undergo 1,7-electrocycisation to give 
the products 108, 109, 110, 111, 112, Scheme 26. This represented the 
first electrocydisations of a nitrile ylide onto a heterocyclic moiety. 
Both of the thiophene nitrile ylides 104 and 105 cycised as 
expected to give the azepines 108 and 109, respectively. As expected from 
earlier work on diazo cycisations, 68 105 cyclised only at the 2-position of 
the thiophene ring rather than the 4-position. 
0 	0 
1IXIIIPh aCH-N-=CPh 
104 	 108 
Ph 
CH—CPh 	 C&N 
105 	 109 
Ph 
-N= 	 C&N 
106 	 110 
QN CixE'?i: 
+ 
cii:ixiEE-  Ph 
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Scheme 26 
Three isomeric pyridine-containing systems 106, 107 and 115 have 
also been studied. These contrast with the thiophene analogues in that 
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azepine formation now requires the electrocycic substitution of electron-
deficient heterocyclic rings. The 4-substituted derivative 106 cycised to 
give 5-phenyl-7H-pyrido[3,4-d][2]benzazepine 110 in good yield. The 3-
substituted analogue 107 cycised at both of the ortho positions to give a 
mixture of the two isomers 5-phenyl-7H-pyrido[2,3-d][2]benzazepjne 111 
and 5-phenyl-7H-pyrido[4,3-d][2]benzazepine 112. On the basis of other 
work69 which has shown that the reaction rate is increased by the 
proximity of electron-withdrawing groups to the cycisation site it seems 










The 2-pyridyl compound 115 which has one of the two potential 
cycisation sites occupied by the pyridine nitrogen atom cycised at the 
free ortho position. It seems likely that 5-phenyl-7H-pyrido[3,2-
d][2]benzazepine 116 is formed in the usual way via the nitrile ylide 115 
ON 
which itself may be formed either directly from the imidoyl chloride 113 
or via the deprotonation and ring opening of compound 114, Scheme 27. 
Although the basic reaction mechanism is known there are still 
major gaps in the understanding of the factors controlling these 
electrocycisation reactions. Cullen and Sharp 70 reported the first 
attempt to obtain data for the cycisation of nitrile ylides. The objective 
was to study the effects of substituents of various types close to the 
cyclisation site. 
The cycisations involving the olefinic double bond 117a and the 
thiophene ring 117b, confirm the reactivity order expected on the basis of 
the electrocycisation mechanism, i.e. that the activation energy increases 
with the aromatic character of the y,6-double bond. The results 
concerning the effects of substituents in the aromatic ring, show a 
distinct pattern of reactivity but one which cannot be explained with any 
degree of certainty. With the exception of the ortho substituted case 
117m, where the effect is steric in origin, the overall pattern observed is 
that the reactivity of the ring is at a minimum when it is unsubstituted 
and is increased by both electron-donating and -withdrawing 




















117a E-2-phenylethenyl 119/118 >100 
117b 2-Thienyl 120/118 >100 
117c 3,5-Dimethyiphenyl 121c/118 8.3 
117d 3, 5-Bis(trifluoromethyl)phenyl 121d/118 32 
117e 3-Nitrophenyl 121e/118 >100 
117f 3-Methoxyphenyl 121f/118 5.6 : 0.8 
117g 4-Methyiphenyl 121g/118 1.5 
117h 4-Trifluoromethyiphenyl 121h/118 12.8 
117i 4-Dimethylaminophenyl 121i/118 1.3 
117j 4-Methoxyphenyl 121j/118 1.6 
117k 4-Chiorophenyl 121k/118 2.2 
1171 4-Fluorophenyl 12111118 1.2 
117m 2-Methyiphenyl 118 >100 
3. 	Thermal Rearrangement of Cyclopropa[c]isociujnolines 
The reactions of cyclopropa[c]isoquinolines fall into two distinct 
categories depending on the nature of the substituents at C-i of the 
reactant. In cases where one of the substituents was hydrogen, 122a-d, 
then the reaction gave the 1H-2-benzazepines 124 and 125, apparently 
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Scheme 29 
The thermolysis of the cyclopropa[c]isoquinolines 126 and 127aTh 
which have no hydrogen at C-i follows a different path, Scheme 30. 









126 R' and R2 = Ph 	 128 	 129 R' and R2 = Ph 
127 R1/R2 = Me/Ph 130 RI/R2 =Me/Ph 
Scheme 30 
The reactions were slower than those of 122a-d and gave the 5H-2-
benzazepines 129 and 130. 
4. 	Cone and Hetero-Cope Rearrangement 
When 1,5-dienes are heated, they isomerise, in a [3,3]-sigmatropic 
rearrangement known as the Cope rearrangement. 71 A Cope 
rearrangement can only be detected when the diene is not symmetrical 
about the 3,4-bond. Any 1,5-diene gives this rearrangement; for example, 
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3-methyl-1,5-hexadiene heated to 300 OC gives 1,5-heptadiene. 72 The 
reaction is obviously reversible and produces an equilibrium mixture of 




The 1,5-diene system may be inside a ring or part of an allenic 
system 73 but the reaction does not take place when one of the double 
bonds is part of an aromatic system. When the two double bonds are in 
vinylic groups attached to adjacent ring positions, the product is a ring 
four carbons larger. This has been applied to divinylcyclopropanes and 
cyclobutanes. 
Cis- 1, 2-divinylcycloprop anes give this rearrangement so rapidly 
that they generally cannot be isolated at room temperature, 74 though 
exceptions are known. 75 
Chiral 1,2-diaminoethanes have been synthesised via the diaza-
Cope rearrangement 131a to 131b. 76 The tetraarylmonoaza Cope system 
132a has also been found to undergo stereospecific valence isomerisation 
to form novel chiral 3-alkenylamines and their derivatives, Scheme 31.77 
41 
	
Phx.ph 	 PhX' 	Ph 
PhXPh 	 PhXPh 
131aXN 	 131bX=N 
132aXN,CH 	 132bXN,CH 
Scheme 31 
The aza-Cope rearrangement has been used for alkaloid 
synthesis. 78 The cationic aza-Cope rearrangement of iminium ions 
derived from cis-2-amino- 1-( 1-arylethenyl)cyclopentanols 133 selectively 
yield cis-octahydoindole products 136, Scheme 32. 
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5. 	Palladium Mediated Coupling Reactions 
Until recently, there were few organic reactions which could 
generate carbon-carbon bonds between unsaturated systems. However, 
this area of synthesis was revolutionised by the discovery that transition 
metals such as palladium and nickel are very effective in catalysing cross-
coupling reactions of unsaturated organic halides (R-X) and a range of 
unsaturated organometaffic derivatives (R'-M). 
R—X + R'—M 	1W 	R—R' + MX 
EK 
A range of organometallic reagents, boronic acids, boranes and 
organotin reagents have been used in this area. Boronic acids are readily 
prepared from organolithium or Grignard compounds with the 
appropriate alkyl borate,79 80  Scheme 33. The most commonly used alkyl 
borates are trimethyl and triisopropyl borate. 
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Scheme 33 
The boronic acids, dependant on the ease of preparation of the 
organolithium or Grignard compounds, are normally formed in high 
yields from their halides. This functional group is stable enough to allow 
several reactions, 8 ' for example bromination of the methyl group in 4-
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Scheme 34 
The most important reaction is palladium cross coupling reactions 
with unsaturated organic halides. The original research into the cross-
coupling reaction of boronic acids was carried out by Suzuki, 82 who 
optimised the conditions required for the coupling of phenylboronic acid 
144 to various substituted aryl halides, Scheme 35. 
aB(OH)2 + 	 Pd(0) 
144 
	
X Br, I 	 146 
145 
Scheme 35 
The maximum yields were obtained using a 10% excess of the 
boronic acid, equimolar amount of sodium carbonate solution and 3 mol% 
of the tetrakis(triphenylphosphine)palladium (0) over the bromo 
compound. Gronowitz 83 refined the method by introducing DME as the 
solvent in preference to Suzuki's benzene. A mechanism for the cross-
coupling reaction of boron containing compounds was suggested by 
Suzuki, 84 as the catalytic cycle shown in Figure 7. 
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1. 	Program of Research 
This thesis is concerned with the reactions of diene- and triene-
conjugated nitrile ylides. Previous work 85 had shown that intermediates 
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Scheme 36 
The cyclisation also occurs readily in systems of the type 149 where 
the a,-unsaturation is olefinic and the y,6-unsaturation forms part of an 
aromatic ring, 86 Scheme 37. 
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When the y,-unsaturation is oleflnic e.g. 151 the nitrile ylides 
cycise to give cyclopropa[c]isoquinolines 152 as the primary isolated 
products. These are formally derived via 1, 1-cycloaddition of the nitrile 
ylide to the oleflnic double bond. 66 These cyclopropa[c]isoquinolines are 
isomerised to benzazepines 153 upon heating, when R 2 or R3  = H, Scheme 
37. 
The overall objective of this research was to undertake an 
exploratory study of systems analogous to the above but having the 
conjugation extended by one more double bond. 
The first objective was to generate nitrile ylides of the type 154 and 
find out how they would react when subjected to the conditions which 
were required for cyclisation in the previous ct,f:'y,6-systems. The extent 
of the research into these nitrile ylides was to be determined by the 
nature of the results. 
R =H, CHCHPh, CHCH2, CHCHCO2Me 
R'H, Me 




The second objective was to generate and study the nitrile ylides 
155 where a,-unsaturation forms part of a phenyl ring and the 7,6:6,-
unsaturation is olefinic. As a consequence of this work a number of 












1.1 Synthetic Studies on the Reactions of Benzonitrile-2-
(2-alkenylaryl)benzyl Ylides 
Preamble 
The system chosen for the first part of the project was the triene-
conjugated nitrile ylide of the type 154. Previous work with diene-
conjugated nitrile ylides of the type 147 in which both the a,3- and the 
y,-double bonds are aromatic had shown that they react via a 1,7-
electrocycisation on to the aryl ring followed by a [1,5]-sigmatropic 
hydrogen shift to give the benzazepines 148, Scheme 36. 
Subsequent work showed that when a methyl group is located at 
the 2' position, 157, 1,7-electrocycisation on to the phenyl ring becomes 







The failure of 157 to cyclise must be due to the steric interaction of 
the 2'-methyl group with the ortho-hydrogen atom in the adjacent ring 
which restricts rotation about the bond joining the two benzene rings. It 
is thought that 1,7-electrocydisation normally takes place via a helical 
transition state 3466 which involves some degree of twist in the conjugated 
system, but in this case it appears that the steric effect of the methyl 
group so much inhibits conjugation between the two benzene rings that 
an electrocycisation reaction is not possible. 
It was decided to investigate whether replacement of the methyl 
group by an olefinic moiety would lead to new reactivity at the -doub1e 
bond. There are many possible reaction paths available to 154, when R 1 , 
R2 = H, e.g. [3+2] cycloaddition, 1,1-cycloaddition across the olefinic 
double bond, 1,7-electrocydisation on to the free position of the 
appropriate phenyl ring, 1,9-electrocyclisation and dimerisation. These 
will be discussed in more detail later. 
1.2 Synthesis of N-[2-(2-Alkenylaryl)benzyll benzamides 
In recent years, several routes to biaryls have been developed with 
various organometallic derivatives. The route developed by Suzuki 85 
using arylboronic acids was the one which had previously been utilised in 
the group and shown to be very useful. In all cases the synthesis of the 
title compounds was achieved via the palladium(0) catalysed cross-
coupling of aryl halides with 2-N-benzoylaminomethylphenylboronic acid 
165, Scheme 41, or via the coupling of N-benzoyl-2-bromobenzylamine 
159 with arylboronic acids. The range of amides synthesised as 
precursors to the nitrile ylides of the type 154 are summarised below. 
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UFI2N tIUUTh 
.... .. 	 ........ 
161 H CH=CHPh H 
166 H CHCHCO2Me H 
169 H CH=CH2 H 
174 CH3 CH=CH2 H 
178 H H CH3 
179 H CH=CH2 CH3 
(a) N- [2-(2-(E-2-Phenylethenyl)phenyl)benzyl]benzanijcle 161 
The synthesis of the amide 161 is shown in Scheme 39. The key 
step is the coupling of N-benzoyl-2-bromobenzylamine 159 with 2-(E-2-
phenylethenyl)phenylboronic acid 160. 
aBr 	 Br  (i) 	 (ü) 	 Ph CH20H 	 CH2NHCOPh 	
CH2NHCOPh 158 	 159 	
161 








The first reaction undertaken in this multi-step synthesis was the 
Ritter reaction, 87 which was achieved in a 70% yield by the slow addition 
of concentrated sulfuric acid to a mixture of benzonitrile, which also acts 
as solvent, and 2-bromobenzyl alcohol 158 at 70 0C. 
The boronic acid 160, required in step (ii), was synthesised in two 
steps, Scheme 40. The first step was to prepare the E-alkene 163, from 
162 via the Wadsworth Emmons 88 olefination reaction or via the Wittig 
reaction. The former proved to be the more successful and simpler 
method resulting in a 95% yield. Both reactions gave mixtures of E and 
Z-isomers which required isomerisation. Heating the isomeric mixture at 
reflux in heptane with iodine, converted the Z-isomer into the required E-
isomer. 
CHO 	 P Ph 	 h 




(i) (EtO)2P(0)CH2Ph, NaOMe, DMF 
12, Heptane OCUB(OH)2 nBuLi, TIPB, HC1, -78 0C 
160 
Scheme 40 
Triisopropylborate was added dropwise to the lithiated derivative 
of 163 in THF at -78 OC, to convert the bromo group into its boronic acid 
derivative in a 70% yield. 2-(E-2-Phenylethenyl)phenylboronic acid 160 
and compound 159 were then coupled using a Pd(0) catalysed cross 
coupling reaction producing 161 in a 70% yield after dry-flash 










(b) N- [2- (2-(2-Carbomethoxyethenyl)phenyl)benzyl]benzamjde 166 
The amide 166 was synthesised as shown in Scheme 41. Methyl-3-
(2-bromophenyl)prop-2-enoate 164 was synthesised in a 95% yield using 
methyldiethylphosphonoacetate and 2-bromobenzaldehyde in the 
Wadsworth Emmons reaction. The product 164 was found to be the E-
isomer in >95% by 'H nmr spectroscopy which gave the coupling constant 
between the olefinic protons as 16 Hz. 
166 
(i)(EtO)2P(0)CH 2CO2Me, NaOMe, DMF 
(ii) Pd(0), DME,Na2CO3 , WOH)2  C 
165 
Scheme 41 
The preparation of the boronic acid 165, Scheme 42, involved the 
formation of the dilithiated derivative of 159 and its reaction with a 
borate ester. The dianion 167 was generated by sequential treatment of 
159 with methyffithium to deprotonate selectively the amide and then 
with tert-butyllithium to effect metal-halogen exchange. 89 Reaction with 
triisopropylborate gave 165 in a 90% yield. 
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ZI1IIIIIcH2NHcOPh 	 +  CX'-CH2NHCOPh cHzcoPh  




The Pd(0) catalysed cross-coupling reaction between 164 and 165, 
Scheme 41, gave the desired amide 166 in a 70% yield. The olefinic 
protons in the amide 166 are seen as doublets in the 'H nmr spectrum at 
6 6.5 and 6 7.5 with coupling constants J 16.0 Hz. Therefore, reactions 
involving the c,-double bond should be easily detected by 'H nmr 
spectroscopy. 
(c) N-[2-(2-Ethenylphenyl)benzyllbenzamicle 169 
The amide 169 was synthesised as shown in Scheme 43. 
aCHO 	 - 
Br ()~Br 
162 	 168 
169 
(i)tBuOK MePPh3Br, THF 
(ii) Pd(0), DMENa2CO3, 	II 
165 
Scheme 43 
2-Bromostyrene 168 was synthesised via the Wittig reaction in a 
75% yield, but, was found to polymerise readily at room temperature, 
therefore, care was taken in the storage of this compound. The key step 
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was the Pd(0) catalysed cross coupling reaction which had gone to 
completion after 20 hours. The product 169 was isolated in a 78% yield 
after dry-flash chromatography and crystallisation. The olefinic protons 
are easily seen at 8 5.11, ö 5.63 and 8 6.38, in the 1H nmr spectrum. 
Therefore, any reaction involving the s,-double bond will be easily 
detected unlike the amide 161 where the olefinic protons are amongst the 
aromatic multiplet. 
(d) N- [2- (2-Ethenyl-6-methylphenyl)benzyl]benzamide 174 
The amide 174 was synthesised via the coupling of 165 and 173, as 
























NBS, Bz202, CCI4 
Nitropropane, NaOEt, EtOH 
MePPh3 Br, tBuOK, THF 
B(OH)2 




Bromination of 170 with N-bromosuccinimide in carbon 
tetrachloride gave 2-bromo-3-methylbenzyl bromide 171 (53%), separated 
57 
from the dibrominated compound and unreacted starting material by 
distillation under vacuum. Using the methodology of Hass and Bender 90 
the benzyl bromide 171 was converted to the aldehyde 172 in a 70% yield. 
2-Ethenyl-6-methylbromobenzene 173 was then synthesised in 76% yield, 
via the Wittig reaction. 
(e) N- [3-Methyl-2-phenylbenzyl]benzamjde 178 and NO -Methyl-242- 
 179 
The next objective was to synthesise the amides 178 and 179 via 
the coupling of compound 177 with phenylboronic acid and 2-
ethenyiphenyiboronic acid 181, respectively; Scheme 45. 
Br 
H3C CH2NHCOPh )9' 
177 
Pd(0), Na2CO3, DME, A, PhB(OH)2 





z— ' cH2NHcOPh 
179 
Scheme 45 
Bromination of one of the methyl groups in 170 using NBS gave 
compound 171. Reaction of this with potassium pthalimide in DMF' 
gave 175 in the first stage of the Gabriel reaction, 92 Scheme 46. This 
pthalimido derivative 175 was then cleaved with hydrazine hydrate 93 to 
16.11 
give the amine 176 and phthaloyl hydrazide 180. The amine was 
converted to N-benzoyl-2-bromo-3-methylbenzylamine 177 with benzoyl 


















Hydrazine Hydrate, MeOH 
Benzoyl Chloride, Na2 CQ3, DCM 
Scheme 46 
2-Ethenyiphenylboronic acid 181 was synthesised from 2-
bromostyrene with n-butyllithium and TIPB in a 52% yield, Scheme 47. 
aBr (i) aB(OH)2 
168 	 181 
(i) nBuLi, TIPB, HCL, .78 0C 
Scheme 47 
1.3 Generation and Reaction of the Nitrile Ylides Derived From 
Substituted N-F2-(2-Alkenylaryl)benzyll benzimidoyl Chlorides 
In this research the nitrile ylides were generated by the 1,3-
dehydrochlorination of imidoyl chlorides. The preparation of imidoyl 
chlorides from amides was carried out using either thionyl chloride, 
phosphorus pentachloride or chloromethylenedimethylammonium 
chloride. The method of choice involved the use of thionyl chloride as 
both by-products, being gaseous, could be readily removed. Amides of the 
type 182 were chlorinated using a large excess of thionyl chloride in ether 
at reflux overnight. Any remaining by-products, HCl and SO2, were 
removed under high vacuum at room temperature. 
Nitrile ylides of the type 184 were generated at 0 00  by dissolving 
the imidoyl chloride 183 in dry THF and adding two equivalents of solid 
potassium tert-butoxide, Scheme 49. 
aCH2NHCOPh - (i) 	 (il) 
182 	 183 	 184 
(i) SOC12, Ether4 
(jj)tBuOK THF, 00C 
Scheme 49 
The excess of potassium tert-butoxide was added to ensure that 
sufficient base was present to dehydrochiorinate the imidoyl chloride as 
well as react with any residual by-products from the chlorination and any 
adventitious moisture. 
(a) Benzonitrile-2-(2-(E-2-phenylethenyl)phenyl)benzyl Ylide 186 
The first reactions to be investigated in this study were those of the 
nitrile ylide 186, Scheme 50. 
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N- [2-(2-(E-2-Phenylethenyl)phenyl)benzyl]benzamide 161 was 
converted to the imidoyl chloride 185, as described above. The product 
was then examined by 'H nmr spectroscopy and the conversion into 185 
was checked by the change in chemical shift and the coupling of the 
methylene protons. Compound 161 has a pair of doublet of doublets (each 
methylene proton is coupled to the other, which in turn are coupled to the 
NH proton), and 185 has a singlet which, as usual for imidoyl chlorides, 
[1J 
occurs slightly downfield of the amide CH2 adsorptions. This method of 
confirmation of the identity of the imidoyl chloride was used with all such 
conversions in this research. The imidoyl chloride 185 was then dissolved 
in dry THF at 0 OC,  and a two-fold excess of solid potassium tert-butoxide 
was added. Analysis of the product mixture showed two well defined 
spots which had different Rf values from the amide 161. These 
compounds were separated by dry-flash chromatography and analysed by 
nmr and mass spectroscopy. The faster running "yellow" spot was 
thought to be a nitrile ylide dimer from its 'H nmr spectrum which had a 
singlet at 8 9.79, assigned as the signal from the HC=N proton and from 
its mass spectrum, M+1), 743.3426. The structure of the nitrile ylide 
dimer is thought to be similar to the dimeric product 200, page 67. 
The material corresponding to the second tic spot was thought to 
be the 1.7-electrocyclisation product, i.e., a dibenzazepine. The 'H nmr 
spectrum showed the methylene protons as the expected pair of doublets 
at 8 3.99 and 8 4.89 (J 10 Hz). However on examination of the 'H nmr 
spectrum the integrals did not have the ratios expected for the pure 
dibenzazepine 187. The sample was analysed by HPLC which showed it 
to be a mixture of two products which were inseparable by 
chromatography. This result indicated the presence of one monomeric 
cycised product and several other products thought to be nitrile ylide 
dimers, the structures of which are not known. 
Attempts were made to see whether or not the yield of the 
monomeric product could be improved and the amount of dimerisation 
minimised. Formation of dimers is obviously favoured at high nitrile 
ylide concentrations therefore a series of dilution experiments was carried 
out in order to keep the concentration of the nitrile ylide low throughout 
the reaction. These involved doubling the amount of solvent and adding a 
solution of the imidoyl chloride via a syringe over periods of two, six and 
fifteen hours to a solution of the base potassium tert-butoxide in THF. 
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These experiments had some success and resulted in improving the yield 
of the monomeric product from 11% to a best yield of 32%. There was 
also a reduction in the formation of nitrile ylide dimers, but, 12% of the 
amide was recovered from the fifteen hour dilution experiment. 
The olefinic protons in the cycised product could not be 
distinguished from the aromatic multiplet in the 'H nmr spectrum and 
therefore, it was not possible to say definitely whether or not the olefinic 
group had been involved in the reaction. The appearance of doublets at 6 
3.99 and 6 4.89 in the il-I  nmr spectrum of the monomeric product are 
indicative of the dibenzazepine structure. This leads us to believe that 
the main reaction product is 11- (E-2-phenyiethenyi)- 7-phenyl- 5H-
dibenz[c,e]azepine 187 resulting from a 1,7-electrocyclisation on to the 
phenyl ring at the 2' position even though this is a difficult reaction due 
to steric effects. At first sight the styryl group would appear to be bulkier 
than the methyl group (Scheme 38). However, a 1,7-electrocyclisation 
occurred when the styryl group and not the methyl group was located at 
the 2' position. Therefore, it can be seen from this that the styryl group 
has less of an inhibitive effect than the methyl group. 
(b) Benzonitrile-2-(2-ethenylphenyl)benzyl Ylide 193 
Due to the difficulty in determining whether or not the E,-double 
bond in nitrile ylide 186 was involved in any reaction, it was decided to 
study the nitrile ylide 193. N- [2-(2-Ethenylphenyl)benzyl]benzamide 169 
was converted to the imidoyl chloride 192 as described earlier and the 
product was checked by 'H nmr spectroscopy to confirm complete 
conversion, Scheme 51. 
LH2N=h 
169 	 192 	 193 	 194 
SOCl2 Ether, 
tBuOK, THF,O° 	 Nitrile Ylide Dimers 
Scheme 51 
The imidoyl chloride 192 was dissolved in dry THF at 0 OC,  and 
reacted with a two-fold excess of solid potassium tert-butoxide as usual. 
Analysis of the product mixture showed four well defined spots, three of 
which had different Rf values from the starting material 169. These 
compounds were separated by dry-flash chromatography and examined 
by nmr and mass spectroscopy. 
The 'H nmr spectrum showed that the material corresponding to 
the second tic spot consisted of the dibenzazepine 194 and another 
product. The presence of the dibenzazepine was shown by the pair of 
doublets at 6 3.93 and 6 4.84 (J 10 Hz), which correspond to the 
methylene protons. Examination of the 'H nmr spectrum integrals 
showed that they did not have the ratios expected for the pure 
dibenzazepine. The product 194 resisted all attempts at recrystaffisation 
and therefore the unidentified impurity could not be removed. The two 
other products to be isolated after dry-flash chromatography are thought 
to be nitrile ylide dimers from their 'H nmr and mass spectra. These 
structures will be discussed later, pages 68 and 69. 
(c) Benzonitriie-2-(2-(2-carbomethoxyethenyl)phenyl)benzyl Ylide 196 
Since, surprisingly, there had been no apparent reaction of the F_,-- 
double bond in either nitrile ylide 186 or 193, it was decided to try and 
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induce a reaction by activating it. The first attempt at activating the 
olefinic bond was to change its phenyl substituent for a methyl ester, i.e. 
nitrile ylide 196, Scheme 52. By increasing the major stabilising energy 
E1 as in Sustmann Type 1 cycloaddition, it was expected to activate the 











(i) SOd 2, Ether, t 
(ii)LDA,THF,-78°C 
Scheme 52 
The imidoyl chloride 195, synthesised as described earlier was then 
treated with LDA to generate the nitrile ylide 196. Potassium tert-
butoxide was not used as in the earlier cases in order to avoid possible 
ester exchange. Initially the LDA was added in quickly at 0 0C and then 
in a subsequent reaction at -78 0C over a period of two hours. The latter 
procedure produced the cleaner reaction resulting in one major separable 
product which, after dry-flash chromatography and crystallisation gave a 
crystalline solid in a 50% yield. The 'H nmr spectrum showed three 
methine signals, 6 3.72 (1 H, m, CH), 4.41 (1 H, dd, J 3 Hz, 12 Hz, CH), 6 
4.80 (1 H, dd, J 3 Hz, 13 Hz, CH), and no longer showed the doublets at 6 
6.5 and 6 7.5 which corresponded to the olefinic protons of the starting 
material. This indicated that a reaction had taken place across the E,-- 
double bond. The mass spectrum confirmed that this product was 
monomeric, (M+1), 353.1411, HPLC analysis showed the presence of 
only one compound and X-ray crystallography confirmed the structure, 
Figure 8. 
65 
3-Methoxycarbonyl-2 -phenyl-3a, 1 lb-dihyclro-3H-thbenzo[e,g]indole 
Figure 8 
M. 
The hydrogens on C3-C3a and C3a-Cllb in the pyrrole ring were 
found by X-ray crystallography to have an anti relationship with respect 
to each other. Therefore, the nitrile ylide 196 reacted via [3+2] 
cycloaddition across the s,-double bond. There are several other possible 
reaction pathways available for the nitrile ylide 196, as illustrated for 
nitrile ylide 186 in Scheme 50. If compound 197 had been derived from 
either a 1,9-electrocydisation followed by a 6ir thermal disrotatory ring 
contraction or via a 1,1-cycloaddition, followed by ring opening and a 6ir 
thermal disrotatory ring contraction, then a mixture of isomers would be 
expected in which the methine protons in the pyrrole ring would have had 
a different relationship with respect to each other. 
(d) Benzonitrile-2-(2-ethenyl- 6-methylphenyl)benzyl Ylide 199 
The first nitrile ylides to be studied in this series were 186 and 
193, Schemes 50 and 51. No reaction was observed with the s,-doub1e 
bond but a 1,7-electrocycisation at the 2' position did occur although 
sterically hindered, along with some dimerisation. 
In an attempt to block this reaction path and thus promote 
reaction at the c,-double bond without directly activating it, a methyl 
group was placed at the 2' position of the biaryl unit. 
N- [2-(2-Ethenyl-6-methylphenyl)benzyl]benzamide 	174 	was 
converted into its imidoyl chloride 198 as described earlier and dissolved 
in dry THF at 0 °C, and reacted with a two-fold excess of solid potassium 
tert-butoxide, Scheme 53. 
M. 
CH2NHCOPh 	 LCH2NCPh 	_L H_ =CPI 
174 	 198 	& 	 199 
SOC12, Ether, i 
tBuOK, THF, 0 OC 
Scheme 53 
- Nitrile Ylide Dimer 
Analysis of the product mixture showed two well defined spots, 
both of which had different Rf values from the amide 174. These 
compounds were separated by dry-flash chromatography and mass 
spectroscopy showed these compounds to be dimeric, (M+1), 619.3108. 
The 1H nmr spectrum of the faster running compound showed two 
singlets at ö 9.61 and 8 9.62, which correspond to the HC=N protons. 
Attempts to crystallise a sample for X-ray analysis were unsuccessful. 
However the product has been tentatively assigned the structure 200. 
Nitrile ylides 186 ('H nmr spectrum showed a singlet at ö 9.79), and 193 
('H nmr spectrum showed a singlet at 6 9.75), are also thought to give 
dimers of this structure. 
H3 
200 
This assignment was based on both the spectroscopic data obtained 
and the known behaviour of nitrile ylides. It is known that nitrile ylides 
undergo dimerisation in a 'head-to-head' manner, 55 which is generally 
followed by electrocyclisation and oxidation to pyrazines 203, Scheme 54. 
Examination of the 'H nmr spectrum showed that the material 
corresponding to the faster running tic spot consisted of the dimer 200 
and another product. The integrals for the HCN protons and the 
aromatic multiplet did not have the expected ratio, but it was not possible 
to say from the nmr data whether the other product was the result of an 
electrocyclisation to the pyrazines. 
R 	N 	R : I-  + 
R—C—NC—R 	
, RNR 
R"NR 	 R NLR 
201 	 202 	 203 
Scheme 54 
(e) Benzonitrile- 3-methyl-2-phenylbenzyl Ylide 204 
A methyl group located at the 2'-position of the biaryl unit blocks 
any reaction with the s,-doub1e bond in nitrile ylide 199 and only dimeric 
products were observed. It was hoped that a methyl group at the 2-
position in the nitrile ylide 212, Scheme 57, would block the 1,7-
electrocyclisation pathway and allow a reaction at the c,-doub1e bond. 
However, it had not been established previously whether a methyl group 
located at the 2-position of the biaryl unit in nitrile ylide 204 would 








N- [3-Methyl-2-phenylbenzyl]benzamide 178 was converted to the 
imidoyl chloride 205 as described earlier, then dissolved in dry THF at 0 






SOC12, Ether, A 






- Nitrile Ylide Dimers 
Scheme 55 
Analysis of the product mixture showed three well defined spots, of 
which two had different Rf values from the amide 178. These compounds 
were separated by dry-flash chromatography and mass spectroscopy 
showed these compounds to be dimeric, (M+1), 567.2799. The minor 












The main product's 'H nmr spectrum showed two methyl signals, 6 
1.84 (s, CH3), 6 2.21 (s, CH3), a methylene signal 6 3.96 (br, CH2) and a 
large aromatic multiplet 6 6.39-7.54 (m, Ar-H). This spectrum is not 
consistent with an electrocyclisation of 207 to the pyrazines, but, work by 
Butler et a194 has shown that 1,2,5-triaza-1,3,5-hexatriazenes 208 can 
undergo a Gir electrocyclisation to give 209 or they can rearrange to give 
1-anilinoimidazoles 210 in low yield, Scheme 56. It is thought that 207, 
which is similar to 208, may undergo a similar rearrangement to give 
compound 206. The minor product derived from nitrile ylide 193 ( 111 nmr 
spectrum showed a methylene signal at 6 4.05), is also thought to have a 
structure similar to 206. 
Ar 
NHAr 	 N' 





R N 	 R N 
210 	 208 	 209 
Scheme 56 
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It has now been established that the methyl group located at the 2-
position of the biaryl unit in nitrile ylide 204 blocked the 1,7-
electrocyclisation pathway as expected, but, surprisingly the main 
dimeric product was thought to be 206, formed from a rearrangement of 
207. 
(f) Benzonitrile-3-methyl-2-(2-ethenylphenyl)benzyl Ylide 212 
N- [3-Methyl-2-(2-ethenylphenyl)benzyl]benzamide 	179 	was 
converted to the imidoyl chloride 211 by heating at reflux with a large 
excess of thionyl chloride in ether for 48 hours. The solvent and excess 
thionyl chloride were removed under high vacuum. The imidoyl chloride 
was then dissolved in dry THF at 0 OC  and reacted with a two-fold excess 
of solid potassium tert-butoxide, Scheme 57. 
(i) 
- ' CH2NHCOPh 
179 
SOC12, Ether, i 
tBuOK, THF, 0 O 
?H3LIII 
-CH2N=CPh 
211 	Cl 	 212 
- Nitrile Ylide Dimers 
Scheme 57 
Analysis of the product mixture showed three well defined spots, of 
which two had different Rf values from the amide 179. These compounds 
were separated by dry-flash chromatography and mass spectroscopy 
showed these compounds to be dimeric, (M+1), 619.3150. The main 
reaction product has been tentatively assigned the structure 213 from its 
'H nmr spectrum which showed two methyl signals 6 1.79 (s, CH3), 6 2.03 
(s, CH3) and a methylene signal 6 4.08 (d, J 5.9 Hz, CH2). The minor 
reaction product is thought be 214, i.e. a 2,5-diaza-1,3,5-hexatriene from 







its 'H nmr spectrum which showed two singlets at 8 9.59 and 6 9.60 
which correspond to the HC=N protons. 
CH3c 
\JMe 
Ph >_ Ph 	 - 
cH2 	 CH=N 
Me 
213 	 214 
Summary 
(i) Nitrile ylides of the type 154, showed that when R = H or Ph 
and R 112 = H, reaction occurred via a 1,7-electrocyclisation followed by a 
[1,5]-sigmatropic hydrogen shift to give the dibenz[c,e]azepines 187 and 
194 along with substantial dimerisation, Scheme 58. 
R 
CH— N cm 
154 
Nitrite Ylide Dimers 
Scheme 58 
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A [3+2] cycloaddition across the ,ç-double bond was observed 
when R = CO2Me and R 112  = H, to give a dibenz[e,g]indole 197. 
Cycisation was prevented when R' or R 2 = Me, via its steric 
limitation in the transition state and only dimeric products were 
observed. 
Conclusions 
The first objective of the project, as descibed in Section 1.1, was to 
gain an insight into how triene-conjugated nitrile ylides in which both the 
a,13-  and the y,8-double bonds are aromatic reacted. It was found that 1,7-
electrocyclisation onto the y,6-aromatic ring was severely inhibited by 
styryl and ethenyl groups although this reaction became more 
competitive when the nitrile ylide concentration was minimised. This 
implies that the steric bulk of the two olefinic groups is less than that of a 
methyl group located at the 2- or 2'-position, which completely inhibits 
electrocyclisation. The steric interaction of the 2- or 2'-methyl group with 
the ortho-hydrogen in the adjacent ring must restrict rotation about the 
bond joining the two aromatic rings to a greater extent than either of the 
olefinic groups. Therefore, the helical transition state for 1,7-
electrocycisation, which requires some degree of twist in the conjugation 
can be attained with the 'smaller' olefinic groups. 
Blocking the 2'-position of the biaryl unit failed to promote any 
reaction of the nitrile ylide with the -double bond and only by 
activating it towards cycloaddition with an electron withdrawing group 
was a reaction observed. 
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Section Two 
2.1 Synthetic Studies on the Reactions of Benzonitrile-2-
alkadienylbenzyl Ylides 
Preamble 
The system chosen for the second part of the project was the triene-







155a 	 155b 
Results obtained in the previous section showed that the presence 
of an ortho-substituted aromatic ring in the y,-position had severely 
inhibited 1,7-electrocydisation reactions at the 8 carbon of the triene 
system because of steric effects. It was decided to investigate whether 
replacement of the 7,-phenyl substituent by an olefinic moiety would 
lead to new reactivity at either the or the -double bond. There are 
many reaction paths available to 155a,b, for example, [3+2] or 1,1-
cycloaddition, 1,7- or 1,9-electrocycisation and dimerisation reactions, 
these will be discussed later in this section. 
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2.2 Synthesis of the N-F2-AlkadienylbenzylIbenzamides 
The most obvious route to the title compounds would involve the 
Pd(0) catalysed cross coupling of 2-N-benzoylaminomethylphenylboronic 
acid 165 and a series of bromodienes. The range of amides synthesised as 









CH2NHCOPh 	 CH2NHCOPh 
218, 222, 225,226,230, 	 219,220 
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218 Me Ph H Ph 
219 Me Ph Ph H 
220 Me Ph H Ph 
222 Me Ph H CO2Me 
225 Me Ph Me Me 
226 Me Ph H Me 
230 R1 , R2 = (CH2)3 H Ph 
231 R', R2 = (CH2)3 H CO2Me 
a N- 12-E.E- 1'. 3'-Diuhenvinenta- 1'. 3'-dien-4'-vl)benzyllbenzamide 218, N-
[21E,Z- 1',3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide 219 and N-
F2-Z.Z- 1'. 3'-DiDhenvinenta- 1'. 3'-dien-4'-vflbenzyllbenzamide 220 
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Scheme 59 
The first reaction undertaken in these synthesis was Arnold's 96 
bromoformylation reaction, Scheme 60. This was carried out in a 36% 
yield by the slow addition of the phenylacetone in chloroform to a mixture 
of phosphorus tribromide, DMF and chloroform at 0 OC,  Scheme 60. The 
reaction was quenched by the slow addition of ice and solid sodium 
bicarbonate. 
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(i) PBr3, DMF, CHCb, 0 °C 
Scheme 60 
Attempted separation of the isomers by dry-flash, wet-flash and 
gravity column chromatography failed, therefore, medium pressure liquid 
77 
chromatography was used. The Z-3-bromo-2-phenyl-2-butenal 215a and 
E-isomer 215b were separated in 25% and 10% respectively. Heating the 
E-isomer at reflux for 2 h in heptane with iodine gave a 2:1 isomeric 
mixture of the Z and E-isomers. 
The bromodienes 216 and 217a,b were synthesised by the Wittig 
reaction, Scheme 61. Several attempts were made using the Wadsworth 
Emmons olefination reaction but the bromodienes were only ever isolated 
in very low yields. 
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Scheme 61 
'H Nmr spectroscopy showed that E,E-4-bromo-1,3-diphenylpenta-
1,3-diene 216 was the exclusive product isolated in a 85% yield from 
215a. However, in the reaction of 215b a 2:1 isomeric ratio of Z,Z and 
E,Z-4-bromo- 1,3-diphenylpenta- 1, 3-dienes 2 17a,b was synthesised in a 
combined yield of 66%. The isomers were separated by MPLC. 
The boronic acid 165, synthesied as described earlier, Scheme 42, 
was coupled with the bromodienes 216 and 217a,b to give the amides 
218, 219 and 220 in 77%, 77% and 48% yields respectively. 
(b) N- 12-(Methyl-E,E-4'-phenvlhexa-2'. 4'-dienoat-5'-yl)benzyllbenzamide 
222 
The amide 222 was synthesised as shown in Scheme 62. Step (i) in 
this synthesis was the Wittig reaction. The aldehyde 215a and 
,I3 
methyl(triphenylphosphoranoylidene)acetate were heated at reflux in 
toluene for 3 hours to give methyl-E,E-5-bromo-4-phenylhexa-2,4-
dienoate 221 in a 92% yield. The Pd(0) catalysed cross coupling reaction 
of the boronic acid 165 and the bromodiene 221 gave the amide 222 in a 
88% yield after dry-flash chromatography and recrystaflisation. 
Me 	Ph Me 	Ph 	
(i) 
Br>< CHO Br 








Pd(0), Na2CO3,  DME, (I1CH2NHCOPh 
165 
Scheme 62 
(c) N- [2- (E-5'-Methyl-3'-phenylhexa-2', 4'-dien-2'-yl)benzyllbenzamide 225 
and N- [2-(E,E-3'-Phenylhexa-2', 4'-dien-2'-yl)benzyl]benzamide 226 
The amides 225 and 226 were syntheised as shown in Scheme 63. 
E-2-Bromo-5-methyl-3-phenylhexa-2,4-diene 223 and E,E-2-bromo-3-
phenylhexa-2,4-diene 224 were synthesised by the Wittig reaction in 54% 
and 52%. Different bases (n-BuLi or tBuOK) and solvents (THF or ether), 
were used in an attempt to improve the yields, but this proved 
unsuccessful. The bromodiene 223 was relatively stable at room 
temperature, however, 224 was less stable with decomposition evident 
after only a few hours at room temperature. The bromodienes were used 
immediately to ensure the best possible yields from the Pd(0) catalysed 
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The Pd(0) catalysed cross coupling reaction of the boronic acid 165 
and the bromodiene 223 gave the amide 225 in a 41% yield after dry-
flash chromatography and recrystaffisation. The coupling reaction of the 
boronic acid 165 with the bromodiene 224 gave a product mixture which 
showed several spots by tic. The amide 226 was isolated from the 
impurities by dry-flash chromatography and MPLC in a 35% yield. 
(d) N- [2-(2'- (E-2-Phenylethenyl)cyclopent- 1'-enyl)benzylIbenzamide 230 
and N- [2-(2'-(2-Carbomethoxvethenvl)cvclopent- 1'-enyl)benzvllbenzamide 
231 
The amides 230 and 231 were synthesised as shown in Scheme 64. 
The first reaction in this synthesis, the conversion of cyciopentanone to 1-
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The bromodienes 228a,b were synthesised via the Wittig reaction 
as a mixture of isomers in a 1:1 ratio. 1-Bromo-2-(E-2-
phenylethenyl)cyclopentene 228 was separated as a brown oil from the Z-
isomer using MPLC in a 42% yield. Two attempts were made to increase 
the E/Z ratio in the product mixture. The first was the Wadsworth 
Emmons reaction, but no product was obtained. The second involved 
heating the isomers at reflux in heptane with iodine for two hours, but, 
decomposition occurred readily and no starting material was recovered 
after dry-flash chromatography. The bromodiene 229 was synthesised as 
a yellow crystalline solid via both the Wittig and the Wadsworth Emmons 
reactions in yields of between 60-70%. 'H Nmr spectroscopy showed that 
the E-isomer was the only product obtained from either reaction. The 
Pd(0) catalysed cross coupling reactions of 228 and 229, Scheme 64, gave 
the amides 230 and 231 in 93% and 86% yields after dry-flash 
chromatography and recrystaffisation. 
2.3 Generation and Reaction of the Nitrile Ylides Derived From 
Substituted N-[2-Alkadienylbenzyllbenzimjdoyl Chlorides 
In this research the nitrile ylides were generated by the 1,3-
dehydrochiorination of imidoyl chlorides. The latter were prepared from 
their respective amides using thionyl chloride or 
chloromethylenedimethylammonium chloride. The method of choice 
involved the use of thionyl chloride as both by-products, being gaseous, 
could be readily removed. However, it is not as powerful as some of the 
other chlorinating reagents and usually requires heating to bring about 
the reaction. Chloromethylenedimethylammonium chloride, 96 is 
generally generated in situ by the reaction of thionyl chloride with DMF. 
This is a highly reactive reagent and earlier work in the group has shown 
that it can bring about conversions to the imidoyl chloride at room 
temperature or below in cases where the previous reagents have been 
ineffective at elevated temperatures. 
(a) Benzonitrile-2-(E,E- 1'. 3'-diphenylpenta- 1', 3'-dien-4'-yl)benzyl Ylide 
233 
The first reactions to be investigated in this study were of the 
nitrile ylide 233, Scheme 65. 
N- [2-(E,E- 1', 3'-Diphenylpenta- 1',3'-dien-4'-yl)benzyl]benzamide 218 
was converted to the imidoyl chloride 232 using a large excess of thionyl 
chloride in ether at reflux for 96 h. However initial attempts at 
generating 232 proved to be surprisingly difficult. 
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Scheme 65 
The standard method for generating imidoyl chlorides, thionyl 
chloride in ether at reflux for 20-24 h, resulted in only a 15% conversion 
to the imidoyl chloride. It was thought that prolonged heating would 
result in polymerisation or decomposition of the amide, therefore, 
different methods were tried to generate the imidoyl chloride. 
Previous work on nitrile ylides of the type 151 in which the y,5-  
double bond was olefinic had shown that the method of choice for the 
formation of the imidoyl chlorides was phosphorus pentachioride in ether 
at reflux for 24 h. However no imidoyl chloride formation was observed 
by 'H nmr spectroscopy using this technique. 
Before attempting further preparative work a small scale 
experiment was carried out with monitoring by 'H nmr spectroscopy 
using chioromethylenedimethylammonium chloride produced from 
perdeuteriated DMF. The amide 218 was dissolved in DMF-d7 then 
transferred to a nmr tube fitted with a septum cap under nitrogen. 
q 	 7 
I 	 I 	 F 	 I 
C 	 3 
Figure 9 
The reagent was then prepared by adding thionyl chloride by syringe to a 
5 cm3 round bottom flask, fitted with a Suba-seal, which contained DMF-
d7. After 5 minutes this solution was added to the nmr tube containing 
the amide solution. The combined solution was examined by 'H nmr 
spectroscopy after 0.5, 2, 4 and 9 h, Figure 9. 
It can be seen from Figure 9 that N- [2- (E,E-1',3'-diphenylpenta-
1',3'-dien-4'-yi)benzyl]benzimidoyl chloride 232 was obtained within 30 
minutes as shown by the strong singlet peak at 6 4.90 (s, CH2), which 
occurs slightly downfield from the amides CH2 adsorption 6 4.74 (pair of 
dd, CH2), and the disappearance of the NH peak at 6 8.96 (1 H, br). It is 
thought the singlet at 6 10.07 results from the formation of DMF-d6. 
Although the formation of the imidoyl chloride 232 was confirmed 
by 'H nmr spectroscopy, generation and reaction of the nitrile ylide 233 
proved to be rather more difficult, and several of the following attempts 
were unsuccessful. In all but one case the imidoyl chloride was kept 
under high vacuum at 30-40 OC  for 2-3 h to remove the excess DMF and 
thionyl chloride. The product was dissolved in dry THF at 0 OC,  and a 
two-fold excess of solid potassium tert-butoxide was added. Analysis of 
the product mixture showed one well-defined spot by tic that had the 
same Rf value as the amide 218. 'H nmr spectroscopy confirmed the 
reaction had failed and only starting material was recovered after dry-
flash chromatography. 
For the second attempt at generating 233, the amount of THF in 
which the imidoyl chloride was dissolved was doubled, and for the third 
attempt LDA was used as the base, but, again, in both cases only starting 
material was recovered. 
Previous work in the group had shown that a nitrile ylide could be 
generated without the removal of excess DMF and thionyi chloride. 
Therefore, the imidoyl chloride 232 in DMF was diluted in THF and a 
two-fold excess of solid potassium tert-butoxide was added. Analysis of 
the reaction mixture again showed only the presence of starting material. 
Since these reactions were being carried out under conditions 
known to generate the imidoyl chloride it was concluded that the problem 
must lie in the 1,3-dehydrochiorination step. To try and understand why 
the generation and reaction of the nitrile ylide 233 from the imidoyl 
chloride 232 was proving to be so difficult benzonitrile-2-phenylbenzyl 
ylide 241 was generated and reacted under different conditions, Scheme 
66. 
N-2-Phenylbenzylbenzamide 239 was synthesised by a Pd(0) 
catalysed CFOSS coupling reaction between N-benzoyl-2-bromobenzylamine 
159 and phenylboronic acid. The amide 239 was chlorinated using a 
large excess of thionyl chloride in ether at reflux overnight and the by -
products and excess solvent were removed under vacuum at room 
temperature. 
It had been shown previously that 1,3-dehydrochiorination of the 
imidoyl chloride 240 with a two-fold excess of solid potassium tert-
butoxide generated benzonitrile-2-phenylbenzyl ylide 241 that cyclised to 
give 7-phenyl-5H-dibenz[c,e]azepine 242 in a 76% yield. Therefore, a 
series of non nucleophilic bases under various conditions were studied. 
The results were then compared to the standard cyclisation conditions 
with potassium tert-butoxide. 
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The three bases studied were lithium diisopropylamide, lithium 
bis(trimethylsilyl)amide and lithium tetramethylpiperidide. The results 
and conditions are summarised in Table 3. 
tBuOK 2.0 0 76 
LDA 1.1 -78 50 
LiTMP 1.1 -78 66 
LiN(SiMe3)2 1.1 -78 64 
LiN(SiMe3)2 1.1 0 75 
LiN(SiMe3)2 1.0 0 75 
LiN(SiMe3)2 2.0 0 75 
At -78 °C lithium tetramethylpiperidide gave the dibenzazepine 
242 in a 66% yield and lithium bis(trimethylsilyl)amide gave 242 in a 
64% yield. Lithium bis(trimethylsilyl)amide is readily available from 
Aldrich as a 1.0 M solution in THF, and therefore, it was decided to study 
this base further. At 0 OC  the dibenzazepine was obtained in a 75% yield 
when 1.0, 1.1 and 2.0 molar equivalents of lithium 
bis(trimethylsilyl)amide were used. This work therefore showed that this 
convenient base could be used effectively for the generation of nitrile 
ylides via the 1,3-dehydrochlorination of imidoyl chlorides. 
It was known that the imidoyl chloride 232 could be generated 
from the amide 218 with the chlorinating agent 
chioromethylenedimethylammonium chloride after 0.5 h but no success 
had been obtained in generating the nitrile ylide by the subsequent 
addition of either KOBut  or LDA. It was decided to look further at the 
alternative route to the imidoyl chloride via reaction of the amide with 
thionyl chloride in ether. Some early work had shown that the 
conversion was ca 15% after 20 h. Further experiments with nmr 
87 
monitoring showed that the conversion was complete after 96 h and that 
no significant decomposition had occurred. Using the imidoyl chloride 
232 prepared by this route the nitrile ylide 233 was generated at 0 OC by 
dissolving it in dry THF and adding 1.5 equivalents of lithium 
bis(trimethylsilyl)amide by syringe. The excess of base was added to 
ensure that sufficient base was present to dehydrochlorinate the imidoyl 
chloride as well as react with any residual by-products from the 
chlorination. 
This procedure produced a clean reaction giving one primary 
product which after dry-flash chromatography and recrystallisation from 
ethyl acetate and hexane gave a crystalline solid in a 65% yield. The 'H 
nmr spectrum no longer showed the doublets at 6 5.90 and 6 6.73 which 
corresponded to the olefinic protons of the amide 218. This indicated that 
the reaction that had taken place involved the -double bond, but it was 
not known how the nitrile ylide 233 had cycised. Mass spectroscopy 
confirmed that the product was monomeric, (M+1), 412.2044. The 'H 
nmr spectrum was similar to the spectrum obtained for 3-
methoxycarbonyl-2-phenyl-3a, 1 lb-dihydro-3H-dibenz [e, g]indole 197, in 
that it showed three methine adsorptions at 6 3.90 (m, CH), 6 5.26 (m, 
CH), and 6 5.51 (m, CH). One of these has a very similar chemical shift 
to that in compound 197 but the other two are more deshielded. 
X-ray crystallography showed that the product was 8-methyl-
9,11,13 -trip henyl- 12-azatricyclo[6.3.2.0 2 ' 7]trideca-2(7),3,5,9,1 2-pentae ne 
243, Figure 10. There are several reaction pathways open to nitrile ylide 
233, as shown in Scheme 65. However the structure obtained from X-ray 
crystallography, Figure 10, showed that the product could not have been 
obtained from a [3+2] cycloaddition as was the case for nitrile ylide 196, 
Scheme 52. Work by Sharp and co-workers on nitrile ylides of the type 
151 in which the y,6-double bond is olefinic has shown that they cycise to 
give cyclopropa[c]isoquinolines 152, Scheme 37. Therefore the reaction 
8-Methyl-9, 11, 13-triphenyl- 12-azatricyclo 
[6.3 .2.0 2 • 7]trideca-2(7),3,5,9,12 -pentaene 
Figure 10 
pathway was most likely via a 1,1-cycloaddition to give 234 as a non 
isolable intermediate which immediately underwent an aza- Cope 
rearrangement, Scheme 67. 
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Scheme 67 
This conversion is somewhat similar to recent work done by Claus 
Vogel et a197 ' who reported that intramolecular reactions of vinyl azides 
with 1,3-dienes, formed 6-aza-bicyclo[3.2.2]nonatrienes 245 and are most 
likely formed by a 3-aza-Cope rearrangement of the cis-1,2-
divinylaziridines 244a, Scheme 68. 1,2-Divinylaziridines are known to 
undergo a rapid aza-Cope rearrangement even at temperatures as low as 
-20 °C. 8 
The formation of the other two products can be rationalised by 
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Scheme 68 
1,2-H-shifts taking place at the aziridine result in a mixture of the 
isoquinoline 246 and the 3H-benzazepine 247, analogous to cases that did 
not have the additional vinyl group. 99 
Vogel'°° later suggested that the cis-divinylaziridine is not the 
intermediate but rather that the vinylnitrene, formed from the vinylazide 
by thermolytic loss of N2, adds to the ortho double bond through one of its 
dipolar resonance structures, to give the dipolar intermediates 248 and 
249, Scheme 69. 
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Scheme 69 
(b) Benzonitrile-2-(E,Z- 1'. 3'-diphenylpenta- 1', 3'-dien-4'-yl)benzyl Ylide 
253 and Benzonitrile-2-(Z.Z- 1',3'-diphenylpenta- 1',3'-dien-4'-yl)benzyl 
Ylide 254 
To gain further evidence for the proposed reaction mechanism the 
nitrile ylides 253 and 254 were studied. Sharp and co-workers have 
shown that nitrile ylides of the type 151 cycise to give the 
cyclopropa[c]isoquinolines 152, Scheme 37. It has been shown that the 
reaction is wholly stereospecific in that the trans substituent at the 
terminal position in 151 goes into the exo position of the product 152. 
The primary products obtained from the cycisation of 253 and 254 would 
be the exo-phenylethenylcyclopropa [c]isoquinolines 255 and 256. These 
products do not have the required geometry for an aza-Cope 
rearrangement, Scheme 70, but Sharp showed that on heating, the 
cyclopropa[c]isoquinolines undergo an equilibration of the exolendo 
isomers via electrocycic ring opening followed by ring inversion and 
reclosure. In cases where R 2 = H and R3  # H this equilibration is 
accompanied by a slower [1,5] hydrogen shift to give the 1H-2-
benzazepine, Scheme 37. Therefore it was expected that the thermolysis 
of the exo-phenylethenyl isomers 255 and 256 would result in an 
equilibrium of exo and endo isomers being established. The endo isomer 
would then undergo an aza-Cope rearrangement to give compound 243. 
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Scheme 70 
The amides 219 and 220 were again converted into the imidoyl chlorides 
251 and 252 using a large excess of thionyl chloride in ether at reflux for 
96 h, and the nitrile ylides 253 and 254 were generated at 0 °C by using 
1.5 equivalents of lithium bis(trimethylsilyl)amide as in the previous 
case. 
This procedure gave after dry-flash chromatography and 
crystallisation, compounds 255 and 256, Scheme 70, as colourless 
crystalline solids in 65% and 82% yields respectively. The 'H nmr spectra 
with singlets at ö 7.78 and 8 7.77 are indicative of 
cyclopropa[c]isoquinolines and X-ray crystallography confirmed the 
structure of compound 255, Figure 11. 
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The products, as solutions in perdeuteriobenzene, were heated 
under reflux for 35 h with nmr monitoring, Figure 12. Compound 255 
gave two products 243 and 259 in 35% and 65% respectively, isolated by 
MPLC and crystallisation. The minor product 243 had identical nmr 
spectra and mp to the product obtained in the previous case from the 
nitrile ylide 233. The structure of the major product 259 was determined 
by X-ray crystallography, Figure 13. 
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Surprisingly the expected product 243 was the minor component. The 
relatively low yield of 243 in this reaction must be due to the high steric 
strain in its precursor 234 which results in it being present in only very 
low concentration in the equilibrium with compound 255. 
The thermal isomerisation of compound 256 gave the same 
products and interestingly, nmr monitoring showed that the first step in 
this process was the isomerisation of the Z-phenylethenyl group, i.e. 256 
—), 255. 
Of the several possible mechanisms for the formation of compound 
259, the most likely is via the path shown in Scheme 71; this involves 
three steps, a [1,5] walk to give the intermediate 257 which then 
95 
10-Methyl-8, 11, 13-triphenyl- 12-azatetracyclo[7.3. 1.0.2.-,0.8,101 
trideca-2(7),3,5, 1 1-tetraene 
Figure 13 
M. 
undergoes an electrocycic ring expansion to give the benzazepine 258 
followed by an internal Diels-Alder reaction to give the product 3,4-benzo-
6-azatricyclo [3.3.1 .0 2 ' 8]nona- 3,6-diene 259, in yields of 65% and 68%. 
Evidence which supports the internal Diels-Alder reaction comes 
from work carried out by Battye and Jones'°' on the relative migatory 
apptitudes of doubly and triply bonded groups in a cycloheptatriene 
system. As shown in structure 260 a 5,5-disubstituted benzocycloheptene 
is destabilised by the peri interaction of a C-5 substituent with an ortho-
proton, Ha, of the benzene group. A 1,5-shift of X in structure 260 would 
relieve this interaction replacing it with the interaction of Hb with H. 
Y 
260 261 
This rearrangement is seen when X = CHO, CN and CCPh, but 
when X = CH=CH2 or E-CH=CHPh, internal Diels-Alder reactions are 
observed. The products 264 and 265 were obtained after heating the 
olefins 262 (100 °C, 7 h) and 263 (90 °C, 4.5 h), as shown in Scheme 72. 
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Scheme 72 
There are other possible reaction routes that could account for the 
formation of the observed products from the intermediate 257. The first 
97 
would require homolytic cleavage of the a or b bond in the cyclopropane 
ring, as shown in Scheme 73, which would give either 243 or 259, 
respectively. Cleavage of the a bond would be favoured due to the 
stability of the allyl radical. Therefore, the major product expected from 
the diradical mechanism would be 243 and not 259 as was found 
experimentally. 
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Scheme 73 
The second possibility would involve a concerted (t2s+t2s+2s) 
rearrangement of 257 to give 259 directly, or, a Cope rearrangement to 
give 243, Scheme 74. 
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(c) Benzonitrile-2-(2'- (E-2-phenylethenyl)cyclopent- 1'-enyl)benzyl Ylide 
267 and Benzonitrile-2-(2'-(methyl-E-propenoate)cyclopent- 1'-enyl)benzyl 
Ylide 270 
The amide 230 was heated at reflux for 20 h in an excess of thionyl 
chloride and ether, and the amide 231 was heated at reflux for 96 h, to 
give the imidoyl chlorides 266 and 269 respectively. The nitrile ylides 
267 and 270 were generated via the 1,3-dehydrochiorination of the 
imidoyl chlorides 266 and 269 with a 1.5 molar equivalent of lithium 
bis(trimethyisilyl)amide in THF at 0 OC,  Scheme 75. 
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This procedure produced a clean reaction for nitrile ylide 267 
resulting in one primary product which was isolated after dry-flash 
chromatography. This proved to be compound 268 isolated as a brown 
crystalline solid in a 63% yield. The structure of 268 was determined by 
comparison of the 11-I  nmr spectrum (three methine protons at 8 3.76, 
5.20 and 8 5.49) with the spectrum for compound 243 and by X-ray 
crystallography, Figure 14. Analysis of the product mixture from nitrile 
ylide 270 showed several spots by tic with different Rf values from the 
amide. The minor products from this reaction could not be identified, but 
100 
are thought to be due to thermal fragmentation of the imidoyl chloride. 
The nitrile ylide 270 cycised to give 7-methoxycarbonyl-15-phenyl-16-
azatetracyclo[6.6.0. 1,50.9"4]hexa-5,9(14), 10,12, 15-pentaene 271a,b, as a 
mixture of epimers, isolated in a 42% yield. The structures were deduced 
from comparison of the 'H nmr spectra (6 3.57 (m, CH), 6 5.22 (d, CH), 6 
5.62 (m, CH), and 6 3.33 (br, CH), 6 5.11 (br, CH), 6 5.72 (br, CH)). The 
initial isomeric ratio was found to be 5:1; however, isomerisation was 
found to have occurred even at low temperatures and was later found to 
be 2:1. The epimers 271a,b could not be separated by any of the 
chromatography techniques available. 
(d) 	Benzonitrile-2-(methyl-E. E-4'-phenylhexa-2', 4'-dienoat- 5'-yl)benzyl 
Ylide 273 
The amide 222 was chlorinated using thionyl chloride in ether at 
reflux for 144 h. The imidoyl chloride 272 was dissolved in dry THF and 
a 1.5 molar equivalent of lithium bis(trimethylsilyl)amide was added to 
generate the nitrile ylide 273, Scheme 76. Analysis of the product 
mixture showed several spots with different Rf values from the amide 222 
that could not be identified after chromatography; however it is thought 
that they are due to thermal fragmentation of the imidoyl chloride. The 
nitrile ylide 273 cycised via a 1,1-cycloaddition to the non isolable 
intermediate 274 which underwent an aza-Cope rearrangement to give 
11 -methoxycarbonyl-8-methyl-9, 1 1-diphenyl- 12- 
azatricyclo[6.3.2.0 2 ' 7]trideca-2(7), 3,5,9, 12-pentaene 275a,b as a mixture of 
epimers. The epimers 275a,b, identified by comparison with the 'H nmr 
spectrum of product 243, (6 3.75 (m, CH), 6 5.32 (d, CH), and 6 5.63 (t, 
CH)) and (6 3.77 (m, CH), 6 5.21 (m, CH), and 6 5.73 (m, CH)), were 
isolated in a disappointingly low yield of 20%. The initial isomeric ratio 
was found to be 2:1, but isomerisation was found to have occurred even at 
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low temperatures. Partial separation of the epimers 275a,b was achieved 
using MPLC but all attempts at crystallisation failed. 
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The nitrile ylides 270 and 273 had several reaction pathways open 
to them including 1,1- and [3+2] cycloaddition, as shown for nitrile ylide 
233, Scheme 65. The methyl ester attached to the s,-double bond was 
expected to increase the major stabilising energy E,, as in Sustmann 
Type 1 cycloaddition, thus activating them towards [3+2] cycloaddition. 
However, no product was obtained from any of the reaction pathways 
open to the nitrile ylides 270 and 273 other than via 1, 1-cycloaddition 
followed by an aza-Cope rearrangement. 
(e) Benzonitrile-2-(E,E- 3'-phenylhexa-2' , 4'-dien-2'-yl)benzyl Ylide 277 
The amide 226 was chlorinated with 
chloromethylenedimethylanimonium chloride. Generation of the imidoyl 
chloride 276 was found to be complete after 30 minutes by 'H nmr 
spectroscopy. Earlier attempts at chlorinating the amide with thionyl 
chloride and ether at reflux for 12 h resulted in major decomposition. The 
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of lithium bis(trimethylsilyl)amide was added to generate the nitrile ylide 
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The nitrile ylide 277 cydised to give 8,11-dimethyl-9,13-diphenyl-
12-azatricyclo [6. 3.2.0 2 ' 7]trideca-2(7), 3,5,9, 12-pentaene 279, identified by 
comparison with the other 1H nmr spectra, as colourless crystals in a 46% 
yield after chromatography and crystallisation. 
(1) Benzonitrile-2-(E- 5'-methyl-3'-phenylhexa-2'. 4'-dien-2'-yl)benzyl Ylide 
281 
The 	amide 	225 	was 	chlorinated 	with 
chioromethylenedimethylainmonium chloride and generation of the 
imidoyl chloride 280 was found to be complete after 30 minutes. 'H Nmr 
spectroscopy showed that a 30% conversion of the amide 225 to the 
imidoyl chloride 280 had occurred with substantial decomposition, when 
heated at reflux for 24 h with thionyl chloride and ether. The imidoyl 
chloride 280 was dissolved in dry THF and a 5.0 molar equivalent of 
lithium bis(trimethylsilyl)amide was added to generate the nitrile ylide 
281, Scheme 78. 
I[11] 
lithium bis(trimethylsilyl)amide was added to generate the nitrile ylide 
281, Scheme 78. 
Me 	Ph 	 Me 	Ph 	 Me 
Me 	Ph 	 M>=\ Ph 
1IIiII (1) 	 (ii) CeCH !Me W —NcPh 	L.LLN 11 dH2NHcOPh 
 
CZ-- eCHR,N=CPh  
225 	 280 	 281 	 282 
SOd2, Ether,E 
LiN(SiMe, THF, 0 0C 
Scheme 78 
One successful generation and reaction of the nitrile ylide 281 gave 
a 1:1 mixture of the amide 225 and the cyclopropa[c]isoquinoline 282. 
This result is surprising in that 282 should have the required cis 
geometry for the aza-Cope rearrangement. However it is thought that 
the cis-methyl prevents the compound from aligning properly in the 
transition state and thus preventing the rearrangement. 
The product 282 is not very stable and a substantial loss of 
material was observed with chromatography reducing the yield from 50% 
to approximately 20% ( 1H nmr spectra of the crude reaction showed a 1:1 
ratio of product to amide). It was intended to monitor the aza-Cope 
rearrangement by 'H nmr spectroscopy but decomposition of the product 









155a 	 155b 
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(i) When R' = Me, R2 = Ph and R3  = H, nitrile ylides of the type 
155a, 	cydised 	via 	1.1-cycloaddition 	to 	a 	non 	isolable 
cyclopropa[c]isoquinoline which undergoes a fast aza-Cope 
rearrangement to give 12-azatricyclotridecapentaenes 243, 275a,b, 279, 
and when R1 /2 = (CH2)3, cycised to give 16-
azatetracyclohexadecapentaenes 268 and 27 la,b. 
FT H 
T 
R=H,R4=Ph 243 	 R4= Ph 268 
= H, Ri = CO2Me 275a,b R4 = CO2Me 271a,b 
RiH,R4 Me 279 
When R4  =Me, the nitrile ylide 155a cylised via 1.1-
cycloaddition to give a cyclopropa[c]isoquinoline as the primary product, 
which did not undergo an aza-Cope rearrangement. 
The nitrile ylide of the type 155b cycised via 1. 1-cycloaddition 
in a wholly stereospecific manner to give the cyclopropa[c]isoquinolines 
255 and 256 as the primary products isolated. 
Me 
- Ph 
255 or 256 
(iv) Thermal isomerisation of 255 and 256 gave the 12-
azatricyclotridecapentaene 243 as the minor product via an aza-Cope 
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rearrangement and the bridged benzazepine 259 as the major product in 
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Conclusions 
The second objective of this project, as described in Section 2.1, was 
to study the reactions of triene-conjugated nitrile ylides in which the y,8- 
and the -double bonds are olefinic. In view of the known chemistry of 
the analogous diene system, it seems likely the primary products derived 
from these triene-conjugated nitrile ylides are cyclopropa [c]isoquinolines 
which then undergo a fast aza-Cope rearrangement. The products 
isolated from these reactions, the bridged isoquinolines, have their 
structure closely related to that of the isopavine alkaloids. Only when 
the carbon was disubstituted did the reactant fail to follow the same 
reaction path as the other nitrile ylides and a cyclopropa[c]isoquinoline 
was isolated. This observation is consistent with the suggested aza-Cope 
mechanism since the presence of a cis group larger than a hydrogen atom 
would be expected to hinder the transition state required for a concerted 
reaction. 
Predictably, the cyclopropa[c]isoquinoline with its 1-alkenyl group 
in the exo position (1-phenyl group in the endo position), proved to be 
kinetically stable at the reaction temperature and was isolated. Heating 
the compound at reflux in perdeuteriobenzene surprisingly gave the 
bridged isoquinoline as the minor product. This must be due to the high 
steric strain in the rearranged cyclopropa[c]isoquinoline with its 1-phenyl 
group in the exo position (1-alkenyl group in the endo position), which 
results in it being present in only very low concentration in the 
equilibrium mixture. The first two steps in the formation of the major 
product from the thermolysis parallel those observed in related reactions, 




3.1 Synthetic Studies on the Reactions of Benzonitrile-2-
alkenylbenzyl Ylides 
Preamble 
The third area of research concerned diene-conjugated nitrile 




There are several reaction paths available to nitrile ylides of this 
type depending on the nature of the substituents R', R 2, and R. Previous 
work on diene-conjugated nitrile ylides 151, showed that they react via a 
1, 1-cycloaddition to give cyclopropa[c]isoquinolines 152, Scheme 37. 
Depending on the substituents R 2 and R3, thermolysis of the 
cyclopropa [c] isoquinolines 152 can give 1H-2-benzazepines or 5H-2-
benzazepines. 
Work by Zecchi 102  on the nitrile imines 284, Scheme 79, analogous 
to the nitrile ylide 156 showed that in general these systems had a 
similar pattern of reactivity to the nitrile ylides, i.e. giving compounds of 
the type 286 and 287 depending on the nature of the substituents. 
However it was also found that an additional product, the 5-methylene-
1H-1,2-benzodiazepine 288 was also obtained in the two cases where R 1 
was a methyl group. 
Although many examples of nitrile ylides of the type 156 had 
previously been studied in the group no work had been done on 
I: 
compounds where R' = Me. It was therefore thought to be of interest to 
find out if they would follow a similar path to the nitrile imines and lead 
to 5-methylene-1H-2-benzazepines. 
R4 
NH—N + 	R41 
R2 	 R2 
R( 	R3 	 - 	 . 
















3.2 Synthesis of N42-Alkenylbenzyllbenzamides 
Previously the benzamides 292 used as precursors to the nitrile 
ylides of the type 151, were prepared from unsaturated aldehydes and 
ketones, e.g. 289, by the general method shown in Scheme 80. 
109 
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-CHNOH NHC0 Ph 
R 	 R 	 R 	 R 
289 	 290 	 291 292 
Scheme 80 
Work carried out by a fourth year undergraduate student had 
shown that this was not a satisfactory route to the amides 292 when R # 
H. Therefore the route chosen was via Suzuki's Pd(0) catalysed cross 
coupling reaction with 2-N-benzoylaminomethylphenylboronic acid 165 
and a series of alkenyl bromides as developed earlier in this work. The 
range of amides synthesised as precursors to the nitrile ylides of the type 




294 Me H H 
298a Me Ph H 
304 Me Me Me 
308a Me Ph Me 
308b Me Me Ph 
302 Me Ph Ph 
312 Et Me Me 
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N- [2- (Propen-2'-yl)benzyl]benzamide 294 
The route to the amide 294 was as shown in Scheme 81. 2-
Bromopropene, commercially available from Avocado, was coupled with 





+ >=<  Br 	H 
-CH2NHCOPh 
165 	 293 	 294 
(i)Pd(0)Na2CO3, DME, z\ 
Scheme 81 
The amide 294 synthesised from this coupling reaction was 
separated from the starting materials readily by dry-flash 
chromatography. One of the main failings of the previous method, 
outlined in Scheme 79, was that the amide required dry-flash 
chromatography and MPLC to remove all the impurities. 
N-[2-(E-1'-Phenylpropen-2'-yl)benzyllbenzamide 298a 
The amides 298a,b were synthesised as shown in Scheme 82. 2-
Bromo-1-phenylpropene 297a,b was synthesised as a mixture of isomers 
via an oxidative bromo-decarboxylation of a-methyl-trans-cinnamic acid 
using the methodology of Dahl et al. 103  It was not clear from the paper 
whether this particular reaction was stereospecific. This was because a-
methylcinnamic acid is only available from Aldrich as a mixture of 
isomers. In this work the pure trans isomer 296 was obtained by a mild 
oxidation104  of a-methyl-trans-cinnamaldehyde. Bromodecarboxylation 
gave a 2:1 mixture of the E and Z isomers 297a and 297b which could not 
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be separated by dry- or wet-flash chromatography. Therefore, it can be 
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(i)NaH2PO4, H202, NaOC12 	 [JI IBDA, NBS, MeCN 	 B(OI, 	
CH2NHWPh Pd(0), Na2CO3, DAM, A, 
alcH2NHOOPh 	 239 
165 
Scheme 82 
The alkenyl bromides 297a,b were coupled as a mixture with 165, 
as shown in Scheme 82, to give three products, 298a, 298b and 239 as the 
major product. The three products were separated by MPLC. This was 
the first and only occasion that one of the phenyl ligands from the 
catalyst was incorporated in the coupling reaction. However, this 
phenomenon has been observed by other groups. 105 
The amides 298a and 298b were identified from their 'H nmr 
spectra. The amide 298a gave a 'H nmr spectrum which showed that the 
methylene protons were non-equivalent, 8 4.09 (1 H, dd, J 3.4 Hz, 14.1 
Hz, CH2) and ö 4.73 (1 H, dd, J 7.5 Hz, 14.1 Hz, CH2), whereas the amide 
298b gave a 'H nmr spectrum which showed that the methylene protons 
were equivalent, 8 4.72 (211, d, J 5.5 Hz, CH2), Figure 15. 
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1H nmr spectru 
of the amide 29 
ph 
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2.0 
1H nmr spectru 
of the amide 
Ci CH H( 
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Figure 15 
It appears that the methyl group in the amide 298a restricts 
rotation of the olefinic moiety to which it is attached, due to a steric 
interaction with the ortho-hydrogen in the adjacent phenyl ring. This 
restrictive effect of the methyl group results in the appearance of the 
methylene protons as diastereotopic. However, this effect is not seen in 
the amide 298b and the inethylene protons are seen in the 1H nmr 
spectrum as a doublet. 
(c) N- [2-(1'. 1'-Diphenylpropen-2'-yl)benzvllbenzamide 302 
The amide 302 was synthesised as shown in Scheme 83. The Pd(0) 
catalysed cross coupling reaction of the boronic acid 165 and 2-bromo-1,1- 
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The bromoalkene 301 was prepared as shown in Scheme 84. The 
first attempted synthesis of 1, 1-diphenyipropene 299 was via the 
Grignard reaction, which was to be followed by a dehydration of the 
tertiary alcohol. However, the Grignard reaction gave benzhydrol in 70% 
as the only product and not the expected 1,1-diphenyipropanol. 
Therefore, the methodology developed by Olah 106  for the synthesis of 
hindered olefins was employed. Thionyl chloride was added with 
vigorous stirring to the reaction product of ethyllithium and 
benzophenone in ether at -78 OC. This reaction gave 1,1-diphenyipropene 
299 as a white solid in a 24% yield, Scheme 84. Bromination of the 
alkene 299 gave the dibromo compound 300, which subsequently 
underwent spontaneous dehydrobromination in deuterochioroform over a 
seven day period. The base DBU effected the dehydrobromination more 
readily and gave 2-bromo-1,1-diphenylpropene 293 in a 65% yield. 
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N- [2-(3'-Methylbut-2'-enyl)benzvllbenzamide 304 
The Pd(0) catalysed cross coupling reaction of the boronic acid 165 
and 2-bromo-3-methylprop-2-ene 303, commercially available from 




(i) 	 Me 
CH2NHCOPh 	
Br 	Me 	
- ' CH2NHCOPh 
165 	 303 
	
304 
(i) Pd(0), Na2CO3, DME, 
Scheme 85 
N- [2-(E-3'-Phenylbut-2'-envl)benzvllbenzamide 308a and N- [2-(Z-3'-
Phenylbut-2'-enyl)benzyllbenzamide 308b 
The Pd(0) catalysed cross coupling reaction of the boronic acid 165 
and E-2-bromo-3-phenylbut-2-ene 307a gave the amide 308a as a white 
solid in a 63% yield. The coupling reaction of 165 and Z-2-bromo-3-
phenylbut-2-ene 307b gave the amide 308b as a white solid in a 78% 
yield, Scheme 86. 
B(OH)2 
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(i) Pd(0), Na2CO3, DME, 
Scheme 86 
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E-2-Phenylbut-2-ene 305 was synthesised via a Wittig reaction 
from acetophenone in 65% yield. Bromination of 305 gave 2,3-dibromo-3-
phenylbutane 306a,b as a mixture of diastereomers that were used 
without purification, because, decomposition was found to have occurred 
during chromatography on silica. Dehydrobromination of 306a,b with 
DBU, Scheme 87, gave E-2-bromo-3-phenylbut-2-ene 307a as the minor 
product and Z-2-bromo-3-phenylbut-2-ene 307b as the major product in a 
ratio of 3:1. The isomers were separated in 10% and 28% respectively by 
dry-flash chromatography. 
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Scheme 87 
(fl N- [2- (2'-Methylpent-2'-en-3'-vl)benzvllbeflZamide 312 
The amide 312 was synthesised as shown in Scheme 88. The Pd(0) 
catalysed cross coupling reaction of the boronic acid 165 and 3-bromo-2-








(i)Pd(0),Na2CO3, DME, A 
Scheme 88 
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Bromination of 2-methylpent-2-ene 309, commercially available 
from Aldrich, gave 2,3-dibromo-2-methylpentane 310 as an orange oil 
that was purified by distillation under vacuum. Dehydrobromination of 
310 with DBU gave a mixture of the product 311 and starting material in 
a ratio of 2:1. The mixture was distilled under vacuum at room 
temperature, and then a further 1.5 molar equivalents of DBU was 
added, Scheme 89. The product 311 was again distilled under vacuum, 
but the 1H nmr spectrum showed that there was still approximately 10% 
of the unreacted dibromo compound 310 present. It was decided to use 
the mixture without further purification because it is known that 
saturated bromo compounds cannot be coupled with boronic acids using 
the Suzuki reaction. 
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3.3 Generation and Reaction of the Nitrile Ylides Derived from 
Substituted N42-Alkenylbenzyllbenzimidovl Chlorides 
In this research the nitrile ylides were generated by the 1,3-
dehydrochlorination of imidoyl chlorides. The latter were prepared from 
their respective amides using phosphorus pentachioride or 
chioromethylenedimethylammonium chloride and were used without 
purification. 
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(a) Benzonitrile-2-(propen-2'-yl)benzvl Ylide 314 
The amide 294 was converted to the imidoyl chloride 313, by 
heating at reflux with phosphorus pentachioride in dry ether for 24 h. 
Evaporation of the ether left an oil that was kept at 30-40 OC on a high 
vacuum rotary evaporator for Ca. 3 h to remove the phosphorus 
oxychioride. The crude benzimidoyl chloride 313 was dissolved in dry 
THF and the solution was kept at 0 OC under nitrogen. The nitrile ylide 
314 was generated at 0 OC by the addition of 1.5 molar equivalents of 
lithium bis(trimethylsilyl)amide, as shown in Scheme 90. 
Me 	 Me 
	 CZH—N=—CPh(i) OI4=cPh  -'CH2NHCOPh 






(i)PC15, Ether, L 
(ii) LiN(SiMe3)2, THF 
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The reaction gave one product which was identified as 7b-methyl-
la-phenyl- 1H-cyclopropa [c] isoquinoline 315 from its 1H nmr spectrum. 
The singlet at ö 8.29, assigned as the HC=N proton is characteristic of the 
cyclopropa[c]isoquinolines 152, Scheme 37. The product was isolated as a 
yellow oil by dry-flash chromatography, but, partial isomerisation was 
found to have occurred at room temperature over a period of 24 h to give 
5-methyl-3-phenyl- 1H-2-benzazepine 316. Thermal isomerisation of the 
cyclopropa[c]isoquinoline 315 in benzene for 12 h gave a quantitative 
conversion to the benzazepine 316, which was identified from its 1H nmr 
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119 
spectrum. Examination of the 111 nmr spectrum of the benzazepine 316 
at 25 OC showed a broad peak at 6 4.5 (this was observed on the 60 MHz 
nmr machine), which on cooling resolved to give two doublets (J 10 Hz), 
at 6 3.90 (axial) and 6 4.98 (equatorial) due to the absorption of the 
methylene protons, Figure 16. The coalescence of the doublets at room 
temperature is due to the ring inversion of the seven membered ring. At 
the lower temperature the ring inversion is slow on the nmr time scale 
and the methylene protons absorb at different chemical shifts and couple 
to each other. As the temperature is raised the rate of ring inversion 
increases and the peaks broaden, coalesce and eventually give a singlet at 
the midpoint of the original pair of doublets. 
The molecular formula was confirmed by an accurate mass 
measurement, (M+1), 234.1283, and elemental analysis. 
(b) Benzonitrile-2-(E- l'-phenylpropen-2'-yl)benzvl Ylide 318 
The imidoyl chloride 317 was prepared from the amide 298a by 
heating at reflux with phosphorus pentachioride in ether for 24 h. The 
cyclopropa[c]isoquinoline 319 was then obtained in a 66% yield by the 
reaction of 317, with lithium bis(trimethylsilyl)amide in the usual 
manner, Scheme 91. 
Me 	Ph 	 Me 	Ph 
(i) 
CH2NHOOPh 	 CH2N=CPh 
298a 	 317 	Cl 
H Ph 
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(i)PCI5, Ether, A 
(ii) LiN(SiMe3)2, THF 
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Sharp and co-workers showed that when R', R 3 = H, the 
cyclopropa[c]isoquinolines 152, Scheme 37, ring open to form a new seven 
membered ring which is followed by a [1,5] hydrogen migration to give 
the 1H-2-benzazepine 153. Thermal isomerisation of the 
cyclopropa[c]isoquinoline 319 in toluene for 24 h gave the 1H-2-
benzazepine 321, via the path shown in Scheme 92. The [1,5]-hydrogen 
shift giving 321 is probably a sigmatropic shift. The temperature and 
time required for the isomerisation was quite surprising considering that 
a similar cyclopropa[c]isoquinoline 152, which did not have a methyl 
group at the C-7b carbon only required to be heated at reflux for 12 h in 
benzene. However, it seems likely that the intermediates 320 are 
destabilised by a peri interaction between the hydrogen and the methyl 
group as shown in Scheme 92. 
H Ph 	
HXMe 	 HXMe 	 Me 






319 	 320 	 321 
Scheme 92 
The 'H nmr spectrum of the 1H-2-benzazepine 321 obtained at 25 
OC was similar to the spectrum of the benzazepine 316 at -30 OC. The 
methylene protons gave two doublets (J 10 Hz), at 6 4.14 and 6 4.96. The 
molecular formula was confirmed by an accurate mass measurement, 
(M+1), 310.1596. 
(c) Benzonitrile-2- (3'-methylbut-2'-envl)benzvl Ylide323 
Zecchi 	isolated 	the 	5-methylene-4, 4-dimethyl- 1H- 1,2- 
benzodiazepine 288 and the cyclopropacinnoline 287 from the nitrile 
imine 284 when R' 23 = Me. The product 288 was as a result of a [1,5] 
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hydrogen migration from the methyl group at the C-5 position in the 
intermediate 285. Therefore, it was decided to investigate the reactions 
of the nitrile ylide 323 which is analogous to the nitrile imine 284, 
Scheme 79. The imidoyl chloride 322 was prepared from the amide 304 
by heating at reflux with phosphorus pentachloride in ether for 60 h. The 
cyclopropa[c]isoquinoline 324 was then obtained in a 75% yield by the 
reaction of 322, with lithium bis(trimethylsilyl)amide in the usual 
manner, Scheme 93. The product was identified by comparisons with the 
other 'H nmr spectra. The singlet at 8 8.30 assigned as the HC=N proton 
is indicative of a cyclopropa[c]isoquinoline. 
Me 	Me 	 Me 	Me 	 Me 	Me 
j
J <Me 	(i) 	jJ<Me 	(ii)Do 
CHZNHcOPh 	 CH2N=CPh 	 CH—mCPh 
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324 
Scheme 93 
Thermal isomerisation of the cyclopropa[c]isoquinoline 324 was 
found not to have gone to completion after heating at reflux in toluene for 
over a week. Therefore, p-xylene, a higher boiling solvent was used. It 
was found that the cyclopropa[c]isoquinoline 324 isomerised to give 4-
methyl-3-phenyl-4-propen-2'-yl- 1H-isoquinoline 325 at reflux in p-xylene 
for 24 h, Scheme 94. 
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Scheme 94 
The structure of the product 325 was established by X-ray 
crystallography, Figure 17. It appears that the reaction proceeds via a 
homo [1,5]-sigmatropic hydrogen shift, 107  which is well known and is 
similar to the one shown below. 
H 
When R', Wand R3 =Me, the nitrile ylide 323 cycised as expected 
to give the cyclopropa[c]isoquinoline 324. The surprising feature was 
that thermolysis of the product 324 gave the isoquinoline 325 apparently 
via a [1,5] sigmatropic hydrogen shift (this reaction was not base 
catalysed, because heating 324 with base in toluene for 48 h gave only 
starting material). Previous work on diene-conjugated nitrile ylides of 
the type 151 showed that when the 6 carbon was disubstituted a [1,5] 
carbon walk was followed by an electrocydic ring opening to give the 5H-
2-benzazepines. 
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(d) Benzonitrile-2-(E-3'-phenylbut-2'-envi)benzvi Ylide 329 
In view of the complete difference in reaction path for the 
thermolysis of 324 it was of interest to explore further the influence of the 
substituents on these reactions. Therefore, the R 2 methyl group in 323 
(nitrile ylide 329) and subsequently the R3 methyl group (nitrile ylide 
333) were to be replaced by phenyl substituents to see if the two 
mechanisms became competitive and if a 5H-2-benzazepine could be 
isolated. 
The imidoyl chloride 328 was prepared from the amide 308a by 
heating with phosphorus pentachioride in ether at reflux for 60 h. The 
cyclopropa[c]isoquinoline 330 was obtained in a 70% yield from the 
reaction of 328, with lithium bis(trimethylsilyl)amide in the usual 
manner, Scheme 96. 
Me 	Ph 	 Me 	Ph 	 Me 	Ph 
(i) 	III]t<Me (ii) 
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308a 	 328 	& 329 
Ph 






The cyclopropa[c]isoquinoline 330, was heated at reflux in p-xylene 
for 48 h and gave only 4-methyl-3-phenyl-4-(1'-phenylethenyl)-lH-
isoquinoline 331, via a homo [1,5]-sigmatropic hydrogen shift, as shown 
in Scheme 97. The structure of the product 331 was determined by 
comparison with the 1H nmr spectrum for the isoquinoline 325. The 1H 
nmr spectrum of the product 330 showed a singlet at 6 1.71 (CH3), a 
doublet at 6 4.59 (1 H, ring CH2), a doublet at 6 5.41 (1 H, olefinic 0112), a 
doublet at 6 5.54 (1 H, olefinic OH2), and a doublet at 6 6.69 (1 H, ring 
0112). There was no evidence to suggest that the 5H-2-benzazepine was 
formed from this isomerisation reaction. Therefore, the homo [1,5] 
hydrogen shift remains the energetically favoured reaction even though it 
becomes slower with a phenyl substituent at C-i position of the 
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(i) p-Xylene, A, 48 h 
Scheme 97 
(e) Benzonitrile-2-(Z-3'-phenvlbut-2'-eflVl)benZVl Ylide 333 
The imidoyl chloride 332 was prepared from the amide 308b by 
heating at reflux with phosphorus pentachloride in ether for 60 h. The 
nitrile ylide 333 was generated at 0 °C by dissolving the imidoyl chloride 
332 in dry THF and adding two equivalents of potassium tert-butoxide, 
Scheme 98. This procedure gave the cyclopropa[c]isoquinoline 334 as an 
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(ii) tBuOK, THF, 0 0C 
It was expected that the thermal isomerisation of 334 would be 
slower than for cyclopropa[c]isoquinoline 330, because the methyl group 
is in the exo position and not the required endo position. Therefore, an 
equilibrium, Scheme 99, has to be established between 334 and 330 
before the hydrogen shift can occur. 
Ph Me 	 Ph 	 Ph 
c .Me 
 Ph 	 I 	Ph1 
Me 	Ph 	 "Me 	Ph 
N 	 N 	 N 
3 	 ] 
334 	
35 








After heating 334 at reflux for 48 h in p-xylene a mixture of 330 and 331 
was obtained. This showed that an equilibration between exo and endo 
isomers had been established and was apparently the slow step in the 
isomerisation to give compound 331. This was a surprising result since 
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previous work66 showed that an equilibration between exo and endo 
isomers of cyclopropa[c]isoquinolines is established fairly rapidly and 
that they are then slowly converted into benzazepmes. The course of 
these thermal rearrangements was monitored by 'H nmr spectroscopy. 
However, the reactions of 330 and 334 could not be monitored by 'H nmr 
spectroscopy due to the nature of the solvents required for isomerisation 
(f) Benzonitrile -2-(2'-methylpent-2'-en-3'-vl)benzVl Ylide 337 
The cyclopropa[c]isoquinolines 324, 330 and 334 isomerised via a 
homo [1,5] hydrogen shift to give the isoquinolines 325 and 331 
respectively. One feature all three had in common was the methyl group 
at the C-7b position, therefore, it was decided to replace it with an ethyl 
group to see if this affected the hydrogen migration. 
The standard method of generating imidoyl chlorides, phosphorus 
pentachioride and ether at reflux, was not satisfactory for the amide 312. 
The imidoyl chloride 336 was prepared from the amide 312 by reaction 
with chloromethylenedimethylammOflium chloride. 
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337 
(i)Me2 CHC1, DMF 
(ii) LiN(SiMe, THF 
Scheme 100 
The nitrile ylide 337 was generated at 0 OC by dissolving the 
imidoyl chloride 336 in dry THF and adding four equivalents of lithium 
bis(trimethylsilyl)amide, Scheme 100. This procedure gave the 
cyclopropa[c]isoqumolifle 338 as an oil in 80%. The structure was 
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established by comparison with the 'H nmr spectrum for the 
cyclopropa[c]isoquinoline 324. The singlet at 6 8.21 assigned as the 
HC=N proton is characteristic of the cyclopropa[c]isoquinoline structure. 
By heating at reflux in p-xylene for 24 h the 
cyclopropa[c]isoquinoline 338, was isomerised to 4-ethyl-3-phenyl-4- 
propen-2'-yl- 1H-isoquinoline 339, via a homo [1,5] -sigmatropic hydrogen 
shift, as shown in Scheme 101. It is therefore apparent that the effect of 
the ethyl group is no different to that of a methyl at the same position. 
I 	
Ph ON (i) rY_Ph LN 
338 	 339 
(i) p-Xy1ene,, 24 h 
Scheme 101 
(g) Benzonitrile-241'. 1'-diphenylpropen-2'-vl)benzvl Ylide 341 
Previous work on diene-conjugated nitrile ylides of the type 151 in 
which the 6 carbon was disubstituted gave the cyclopropa[c]isoquinolines 
152. Isomerisation of 152 (R 213  = Ph) in toluene resulted in an equlibrium 
between the reactant and the 5H-2-benzazepine in the ratio ca.2:1 being 
established after 24 h. The cyclopropa[c]isoquinoline 342 therefore has 
this pathway open to it and also a possible pathway via a [1,5] hydrogen 
shift from the methyl group which would give the 5-methylene-1H-2- 
benzazepine, i.e. a parallel to the formation of compound 288, Scheme 79. 
Numerous attempts were made to convert the amide 302 into the 
imidoyl chloride 340. The one method that proved successful was to 
generate the chlorinating agent chioromethylenedimethylammonium 
chloride in situ. Some of the failures included thionyl chloride in ether, 
phosphorus pentachioride in ether and even adding preformed 
MAC 
chioromethylenedimethylammonium chloride to the amide in DMF. The 
nitrile ylide 341 was generated at 0 OC by dissolving the imidoyl chloride 
340 in dry THF and adding six equivalents of potassium tert-butoxide, 
Scheme 102. This procedure gave the cyclopropa[c]isoquinoline 342 as a 
yellow solid in 67%. The product was identified by comparison with the 
other 1H nmr spectra. 
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Me2 =CHC1, DMF 
tBuOK, THF, 0 OC 
Scheme 102 
Thermal isomerisation of 342 on a small scale gave 344 in a 40% 
yield after heating at reflux in p-xylene for six days, apparently via the 
path shown in Scheme 103. The product was separated from the 
cyclopropa[c]isoquinoline 342 by dry-flash chromatography. It is thought 
the product 344 is a 5H-2-benzazepine from the data collected, however, a 
full analysis was not possible as the product decomposed before this was 
completed. 
	







342 	 L 	343 	 344 
Scheme 103 
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Summary and Conclusions 
The third objective of the project, as described in Section 3.1, was 
to study the reactions of cliene-conjugated nitrile ylides with a methyl 
group in the y-position. 
(1) All of the diene-conjugated nitrile ylides of the type 156 cycised 
to give the cyclopropa[c]isoquinolines. 
Thermolysis of cyclopropa[c]isoquinolines with a hydrogen at 
the C-i position resulted in an electrocycic ring opening followed by a 
[1,5] hydrogen shift to give the 1H-2-benzazepines 316 and 321. This 
route is clearly the preferred reaction path when a C-i hydrogen atom is 
present. 
Thermolysis of the cyclopropa[c]isoquinolines with a methyl 
group at C-i position and no hydrogen at this site gave the isoquinolines 
via a homo [1,5] hydrogen shift. This appears to be the preferred path for 
cyclopropa[c]isoquinolines with a ly or 2Y alkyl group at C-i and in all the 
cases studied is favoured over the alternative [1,5] carbon walk leading to 
the 5H-2-benzazepine. 
Thermolysis of a cyclopropa[c]isoquinoline with two phenyl 
groups at the C-i position gave the 5H-2-benzazepine. 
In no case was there a reaction which paralleled the formation 
of 288, Scheme 79, observed in the analogous nitrile imines. Such a 
reaction could in principle take place via a [1,5] hydrogen shift from the 
alkyl group at the C-7b position but such a transition state would require 
much distortion of the molecule. In the nitrile imine reaction the 
mechanism of the formation of compound 288 is not discussed in the 
original paper but it seems possible that it is a base-catalysed process. In 
the light of this an attempt was made to effect a similar reaction by 
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2-Bromo-3-methylbenzyl bromide 171 
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II. PREPARATION OF BROMOACRALDEHYDES 	153 
Z-3-Bromo-2-phenyl-2-butenal 215a and 
E-3-Bromo-2-phenyl-2-butenal 215b 	 153 
1-Bromo-2-formylcyclopentene 227 	 154 
III. PREPARATION OF BORONIC ACIDS 	 154 
2-(E-2-Phenylethenyi)phenylboronic acid 160 	 154 
2-Ethenyiphenylboronic acid 181 	 155 
Phenylboronic acid 	 155 
2-N-BenzoylaminomethylphenylboroniC acid 165 	156 
IV. PREPARATION OF SUBSTITUTED 
BROMOALKADIENES 156 
(i) EE-4-Bromo- 1,3-diphenylpenta- 1, 3-diene 216 156 
(ii) E,Z-4-Bromo- 1,3-diphenylpenta- 1, 3-diene 217a and 
Z,Z-4-Bromo- 1,3-diphenylpenta- 1, 3-diene 217b 157 
(iii) Methyl-EE-5-bromo-4-phenylhexa-2, 4-dienoate22 1 158 
(iv) E-2-Bromo-5-methyl-3-phenylhexa-2,4-diefle 223 159 
(v) EE-2-Bromo-3-phenylhexa-2,4-diene 224 159 
(vi) 1 -Bromo-2-(E-2-phenylethenyl)cyclOpentefle 228 160 
(vii) Methyl 3- (2-bromocyclopent- 1-enyl)propenoate 229 161 
V. PREPARATION OF SUBSTITUTED ALKENYL 
BROMIDES 	 161 
2-Bromopropene 293 	 161 
cc-Methyl-trans-cinnamic acid 296 	 162 
2-Bromo-1-phenylpropene 297a,b 	 162 
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(iv) 1,1-Diphenyipropene 299 163 
(v) 1,2-Dibromo- 1, 1-diphenyipropane 300 164 
(vi) 2-Bromo-1,1-diphenylpropene 301 164 
(vii) 2-Bromo-3-methylbut-2-ene 303 164 
(viii) E-2-Phenylbut-2-ene 305 165 
(ix) 2,3-Dibromo-3-phenylbutane 306a,b 165 
(x) E-2-Bromo-3-phenylbut-2-ene 307a and 
Z-2-Bromo-3-phenylbut-2-ene 307b 166 
(xi) 2,3-Dibromo-2-methylpentane 310 166 
(xii) 3-Bromo-2-methylpent-2-ene 311 167 
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(i) N-2-Phenylbenzylbenzamide 239 168 
(ii) N- [2- (2-(E-2-Phenylethenyl)phenyl)benzyl] 
benzamide 161 168 
(iii) N- [2- (2-Ethenylphenyl)benzyl]benzamide 169 169 
(iv) N- [2-(2- (2- Carbomethoxyethenyl)phenyl)benzyl] 
benzamide 166 170 
(v) N- [2.(2-Ethenyl-6-methylphenyl)benzyl]beflZamide 174 171 
(vi) N- [3-Methyl-2-phenylbenzyl]benzamide 178 172 
(vii) N- [3-Methyl-2- (2-ethenylphenyl)benzyl]benzamide 179 172 
VII. PREPARATION OF N-[2-ALKADIENYLBENZYL] 
BENZAMIDES 	 173 
N- [2-(E,E- 1'-3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl] 
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N- [2-(E,Z- 1', 3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl] 
benzamide 219 	 174 
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N- [2-(Z,Z- 1', 3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl] 
benzamide 220 	 175 
N- [2-(Methyl-E,E-4'-phenylhexa-2', 4'-dienoat-5'-yl) 
benzyl]benzamide 222 	 176 
N- [2-(E- 5'-Methyl-3'-phenylhexa-2',4'-diefl-2'-y1)beflZYl] 
benzamide 225 	 177 
N- [2-(E,E-3'-Phenylhexa-2', 4'-dien-2'-yl)benzyl] 
benzamide 226 	 178 
N- [2- (2'- (E-2-Phenylethenyl)cyclopent- 1'-enyl)benzyl] 
benzamide 230 	 178 
N- [2- (2'- (2-carbomethoxyethenyl)cyclopeflt- 1 '-enyl) 
benzyl]benzamide 231 	 179 
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N- [2-(E-3'-Phenylbut-2'-enyl)benzyl]beflZamide 308a 	183 
N-[2-(Z-3'-Phenylbut-2 1 -enyl)benzyl]benzaflide 308b 	184 
N- [2-(2'-Methylpent-2'-en-3'-yl)benzyl]benzalflide 312 	185 
N- [2-(1', 1'-Diphenylpropen-2'-yl)benzyl]benzamide 302 186 
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IX. GENERATION AND REACTION OF SUBSTITUTED 
NITRILE YLIDES DERIVED FROM N-[2-
ARYLBENZYL]BENZIMIDOYL CHLORIDES 	 187 
Generation and Reaction of the Nitrile Ylide derived 
from N- [2-Phenylbenzyl]benzimidoYl chloride 240 	187 
Generation and Reaction of the Nitrile Ylide derived 
from N-[2-Phenylbenzyl]benzimidOYl chloride 240 using 
alternative bases 188 
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Generation and Reaction of the Nitrile Ylide derived 
from N- [2-(2- (2-Carbomethoxyethenyl)PheflYl)beflzYl] 
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(vi) Generation and Reaction of the Nitrile Ylide derived 
from N- [2- (2-Ethenyl-6-methylphenyl)benzyl] 
benzimidoyl chloride 198 	 196 
(vu) Generation and Reaction of the Nitrile Ylide derived 
from N- [3-Methyl-2-phenylbenzyl]benzimidoYl 
chloride 205 	 196 
(viii) Generation and Reaction of the Nitrile Ylide derived 
from N- [3-Methyl-2- (2-ethenylphenyl)benzyl] 
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X. GENERATION AND REACTION OF SUBSTITUTED 
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BENZYL]BENZIMIDOYL CHLORIDES 	 198 
Generation and Reaction of the Nitrile Ylide derived from 
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benzimidoyl chloride 232 	 198 
Generation and Reaction of the Nitrile Ylide derived from 
N- [2-(E,Z- 1',3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl] 
benzimidoyl chloride 251 	 199 
Generation and Reaction of the Nitrile Ylide derived from 
N- [2-(Z,Z- 1', 3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl] 
benzimidoyl chloride 252 	 200 
Generation and Reaction of the Nitrile Ylide derived from 
N- [2- (E- 5'-Methyl-3'-phenylhexa-2', 4'-dien-2'-yl)benzyl] 
benzimidoyl chloride 280 	 201 
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Generation and Reaction of the Nitrile Ylide derived from 
N- [2(E,E-3'-Phenylhexa-2',4'-dien-2'-yl)benZYl] 
benzimidoyl chloride 276 	 202 
Generation and Reaction of the Nitrile Ylide derived from 
N- [2-(Methyl-E, E4'pheny1hexa-2',4'-dienoat-5'-yl)benZYl] 
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A. SYMBOLS AND ABBREVIATIONS 




p.p.m. parts per million 










V wave numbers 
El electron ionisation mass spectrometry 
FAB fast atom bombardment mass 
spectrometry 
m/z mass to charge ratio 
M mass of molecular ion 
(M+1) mass of molecular ion 
tic thin layer chromatography 
MPLC medium pressure liquid chromatography 
HPLC high pressure liquid chromatography 




D CM dichioromethane 
THF tetrahydrofuran 




mp melting point 
bp boiling point 
h hours 
mill minutes 
p.s.i. 	 pounds per square inch 
Ip 
B. INSTRUMENTATION AND GENERAL TECHNIQUES 
NUCLEAR MAGENTIC RESONANCE SPECTROSCOPY 
'H NMR spectra were recorded either at 250.133 MHz on a Bruker 
AC250 (250 MHz), at 200.13 MHz on a Bruker WP200 (200 MHz) or at 
199.975 MHz on a Gemini Varian (200 MHz) spectrometer. Routine 
continuous wave spectra were obtained on a Joel PMX 60S1 (60 MHz) 
instrument. 13C NMR spectra were recorded at 62.900 MHz on the 
Bruker AC250 (63 MHz) or at 50.320 MHz on the Bruker WP200 (50 
MHz) instruments. 
Carbon multiplicity was established by distortionless enhancement 
by polarisation transfer (DEPT). Spectra were recorded in 
deuteriochioroform, unless otherwise stated; chemical shifts ( H' 6) are 
quoted in parts per million, relative to tetramethylsilane, and coupling 
constants (J) are quoted in Hz. Standard 200 and 250 MHz 'H spectra 
have an accuracy of 0.3 Hz per point and are quoted as recorded. 
Standard 50 and 63 MHz 13C spectra have an accuracy of 0.5 Hz per point 
and are quoted as recorded. The AC250 was operated by Mr. J. R. A. 
Millar, the WP200 by Mr. J. R. A. Millar, Mr. W. Kerr. 
MASS SPECTROSCOPY 
Low resolution electron impact mass spectra were recorded at 70 eV 
by Miss E. Stevenson on an A.E.I. M5902 instrument. High resolution 




Microanalyses were obtained by Mrs. L. Eades on a Perkin Elmer 
240 CHN Elemental Analyser. 
X-RAY CRYSTALLOGRAPHY 
X-ray crystallographic data were obtained and refined by Dr. S. 
Parsons on a Stoë STADI-4 four circle diffractometer with graphite 
monochromator. 
INFRA-RED SPECTROSCOPY 
Liquid samples were examined as thin films and solid samples as 
nujol mulls on sodium chloride plates using a Bio-Rad FTS-7 
spectrometer. 
CHROMATOGRAPHY 
Thin-layer chromatography was carried out on pre-coated 
aluminium sheets (0.2 mm silica gel, Merck, grade 60) impregnated with 
a UV fluorescent indicator, or on pre-coated aluminium sheets (0.2 mm 
aluminium oxide, neutral (Type E), Merck, grade 60) impregnated with a 
UV fluorescent indicator. Components in the developed chromatograms 
were detected by their quenching of fluorescence under ultra-violet light. 
Dry-flash chromatography was carried out on silica gel (Fluka, Kieselgel 
GF254; for thin layer chromatography) using the method of Harwood. 108 
Wet-flash column chromatography was carried out on either silica gel 
(Merck, grade 60, 230-400 mesh, 60 A) or alumina (Aldrich, activated, 
neutral, Brockmann grade 1) using the method of Stffl.109 
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SOLVENTS 
Tetrahydrofuran was distilled from sodium benzophenone ketal as 
required. HPLC grade hexane and ethyl acetate were used without 
further purification. Ether was generally dried by storage over sodium 
wire; when necessary it was dried further by distillation from sodium 
benzophenone ketal. Cyclohexane, ethylene glycol dimethyl ether, 
dichioromethane and NN-dimethylformamide were distilled from 
calcium hydride as required. 'Super-dry' ethanol was prepared as 
described in Vogel"° and was stored over molecular sieve (4.4 All other 
dry solvents were obtained by storing over molecular sieve (4 A). 
MELTING POINTS 
Melting points were determined using a Gallenkamp melting-point 
apparatus and are uncorrected. 
HIGH-PRESSURE LIQUID CHROMATOGRAPHY 
Analytical chromatograms were obtained using a solvent metering 
pump (model 110A) and sample injection valve (model 210) supplied by 
Altex Scientific Inc. A variable wavelength ultraviolet monitor (CE212) 
supplied by Cecil Instruments was used as the peak detector at a 
wavelength of 254 nm. The peaks were measured with a Pye Unicam 
CDP integrator. 
Pre-packed HPLC columns supplied by "HPLC technology" were 
used throughout. A1phasil5SILICA packed in a 250 x 4.6 mm column 
was used for normal phase with Alphasil50DS packed in a 250 x 4.6 mm 
column for reverse phase. Reverse phase was used unless otherwise 
stated. Standard HPLC grade solvents were used throughout. 
lEtil 
MEDIUM PRESSURE LIQUID CHROMATOGRAPHY 
Glass columns (100 x 2.5 cm) packed with silica gel (Merck 
Kieselgel, grade 60, 230-240 mesh) were used and were cleaned between 
separations by back flushing with dry ethyl acetate. Samples were pre-
absorbed onto a small scrubber column (25 x 1.5 cm), packed as above, 
which protected the main column from contamination. The diaphragm-
type pump (100 p.s.i. maximum) was supplied by Metering Pumps Ltd. 
DRYING AGENTS 
Magnesium sulphate was used unless otherwise stated. 
146 
I. 	Preparation of starting materials 
N-Benzoyl-2-bromobenzvlamine 159 
To benzonitrile (10 cm3) was added concentrated sulfuric acid (6.24 
g, 42.4 mmol) under nitrogen. The solution was heated to 70 0C and 2-
bromobenzylalcohol (7.92 g, 42.4 mmol) in benzonitrile (20 cm 3) was 
added dropwise and stirred for 6 h. The reaction mixture was allowed to 
cool to room temperature and was left stirring overnight. Sodium 
carbonate (50% w/v, 100 cm 3) was added slowly to neutralise the reaction. 
Ethyl acetate (2 x 100 cm 3) was added, the organic layer separated and 
washed with a saturated sodium chloride solution (50 cm 3). The organic 
layer was dried and the solvent removed in vacuo. Wet-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) afforded 
N-benzoyl-2-bromobenzylamine as a white crystalline solid (8.70 g, 70%), 
mp 134 OC, from ethanol, lit. 67, 133-134 OC, (Found: 290.0165. 
C14H1379BrNO requires (M+1), 290.0181); 511(200 MHz, CDC13) 4.77 (2 H, 
d, J 6.0 Hz, CH2), 6.33 (1 H, br, NH), 7.33-8.07 (9 H, m, Ar-H); c(SO  MHz, 
CDC13) 44.1 (Cl2), 123.5 (quat.), 126.8 (CH), 127.2 (CH), 128.4 (2 x CH), 
129.1 (CH), 130.2 (CH), 131.5 (CH), 131.8 (CH), 132.6 (CH), 134.0 (quat.), 
137.0 (quat.), 167.3 (quat.); m/z (FAB) 292 (M+1, 40%), 291 (75), 290 
(100), 289 (70), 288 (60), 210 (100), 105 (75), 77 (55); vmax(Nujol)/cm' 1629 
(C=O), 3289 (NH). 
2-Bromo-3-methvlbenzyl bromide 171 
A mixture of 	bromo-meta-xylene (29.6 g, 0.16 mol), N- 
bromosuccinimide (28.0 g, 0.16 mol) and dry benzoyl peroxide (1.94 g, 5% 
initiator) in carbon tetrachloride (200 cm 3) was heated at reflux overnight 
under nitrogen. The reaction was allowed to cool to room temperature 
and the succinimide formed was filtered off. The solvent was removed in 
vacuo and dichloromethane (100 cm 3) was added. The organic solution 
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was then washed with sodium carbonate solution (5% w/v, 2 x 50 cm 3) 
and then water (2 x 50 cm 3). The organic layer was dried, filtered and the 
solvent removed in vacuo to give a brown oil. Distillation of the product 
gave 2-bromo-3-methylbenzyl bromide as a clear oil (22.38 g, 53%), bp 50 
OC/0.05 mmHg, lit.", 67-68 OC11 x 10- ' Torr, (Found: 261.8994. C8H8 79Br2 
requires W, 261.8993); 6H(200 MHz, CDC13) 2.44 (3 H, s, CH3), 4.65 (2 H, 
s, CR2), 7.17-7.31 (3 H, m, Ar-H); 6c(50  MHz, CDC13) 23.7 (CH3), 34.5 
(CH2), 126.9 (quat.), 127.1 (CH), 128.5 (CH), 130.8 (CH), 137.1 (quat.), 
139.2 (quat.); m/z (El) 264 (Mt, 11%), 264 (22), 262 (11), 185 (100), 183 
(100), 104 (25), 103 (20). 
6-Methyl-2-(phthalimidomethvl)bromobenzefle 175 
This was made by the Gabriel synthesis 9 ' using the method of 
Sheehan and Bolhofer. 92 A mixture of 2-bromo-3-methylbenzyl bromide 
(9.9 g, 37.5 mmol), and dry potassium pthalimide (7.65 g, 41.3 mmol), in 
N,N-dimethylformamide (60 cm 3) was stirred at room temperature under 
nitrogen overnight. The solvent was removed in vacuo and DCM (30 cm 3) 
was added. The organic solution was washed with aqueous sodium 
hydroxide solution (2M, 30 cm 3) and then water (2 x 30 cm 3). The organic 
layer was then dried, filtered and the solvent removed in vacuo to give a 
white solid (9.41 g, 76%), mp 159 O C from toluene-ethanol (Found: 
330.0133. C16H13N79Br requires (M+1), 330.0133); 611(200 MHz, CDC13) 
2.41 (3 H, s, CH3), 4.97 (2 H, s, CH2), 6.88-7.25 (3 H, m, Ar-H), 7.68-7.91 
(4 H, m, Ar-H); 6c(50  MHz, CDC13) 23.4 (CH3), 42.3 (CH2), 123.3 (2 x CH), 
124.9 (CH), 126.8 (CH), 129.7 (CH), 131.8 (quat.), 134.0 (2 x CH), 134.9 
(quat.), 138.7 (quat.), 167.8 (quat.); m/z (FAB) 332 (M+1, 2.4%), 330 
(2.1%), 325 (16), 217 (100), 215 (18); vmax(Nujol)/cm' 1710 (C0). 
2-Bromo-3-methvlbenzvlamine 176 
This was made using the Ing-Manske 93 procedure. A mixture of 6- 
methyl-2-(phthalimidomethyl)bromobenzene (9.37 g, 28.4 mmol), and 
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hydrazine hydrate (1.64 g, 51.6 mmol), in methanol (120 cm 3) was heated 
at reflux for 1 h. The solvent was removed in vacuo and ether (100 cm 3) 
was added. The organic layer was washed with aqueous sodium 
hydroxide solution (2M, 50 cm3) and then water (2 x 50 cm 3). The organic 
layer was dried, filtered and the solvent removed in vacuo to give a yellow 
oil This product was used without further purification (5.0 g, 88%), 
(Found: 198.999. C8H10N79Br requires M, 198.9997); 8H(250 MHz, 
CDC13) 1.78 (2 H, s, NIl2), 2.38 (3 H, s, CH3), 3.87 (2 H, s, Cl2), 7.08-7.25 
(3 H, m, Ar-H); c(63 MHz, CDC13) 23.7 (CH3), 47.3 (CH2), 125.9 (quat.), 
126.2 (CH), 127.6 (CH), 129.2 (CH), 138.4 (quat.), 142.2 (quat.); m/z (El) 
200 (M, 19%), 198 (16), 184 (10), 169 (15), 131 (22), 120 (100), 91 (36), 69 
(12), 30 (15); vmax(Film)/cm' 3370 (NH). 
(v) N-Benzoyl-2-bromo-3-methvlbeflzvlamifle 177 
2-Bromo-3-methylbenzylamine (5.0 g, 25.0 mmol) was dissolved in 
DCM (100 cm3). Sodium carbonate (10.84 g, 37.9 mmol) was added and 
the mixture stirred for 10 minutes. Benzoyl chloride (7.0 g, 50 mmol) was 
added and the mixture stirred at room temperature under dry nitrogen 
overnight. Water (100 cm 3) was added and the mixture was stirred for a 
further 1 h. The organic layer was separated, washed with water (2 x 50 
cm3), dried and the solvent removed in vacuo to give a white solid (5.93 g, 
78%), mp 137-138 OC from ethanol (Found: C, 59.0; H, 4.6; N, 4.5%; 
(M+1), 304.0338. C15H14BrN requires C, 59.2; H, 4.6; N, 4.6%; (M+1), 
304.0337); H(200 MHz, CDC13) 2.41 (3 H, s, CH3), 4.68 (2 H, d, J 6.0 Hz, 
CH2), 6.90 (1 H, br, NH), 7.14-7.80 (8 H, m, Ar-H); 8c(50 MHz, CDC13) 
23.5 (CH3), 44.8 (CH2), 126.2 (quat.), 126.8 (2 x CH), 127.0 (CH), 127.6 
(CH), 128.4 (2 x CH), 130.0 (CH), 131.4 (CH), 134.1 (quat.), 137.3 (quat.), 
138.6 (quat.), 167.1 (quat.); m/z (FAB) 306 (M+1, 97%), 305 (22), 304 
(100), 226 (19), 183 (27); v max(Nujol)Icm' 1705 (C0), 3288 (NH). 
149 
2-Formyl-6-methvlbromobenzene 172 
This reaction was carried out using the methodology of Hass and 
Bender.90  Sodium metal (1.30 g) was dissolved in 'super dry' ethanol (50 
cm3) under nitrogen and the sodium ethoxide thus prepared was then 
added to a solution of 2-nitropropane (5.02 g, 56.5 mmol) in 'super dry' 
ethanol (50 cm3). After stirring under nitrogen for 1 h it was added, using 
a double tipped needle to a solution of 2-bromo-3-methylbenzyl bromide 
(8.54 g, 35.3 mmol) in 'super dry' ethanol (50 cm 3). The reaction was 
stirred at room temperature under nitrogen for 48 h. The ethanol was 
removed in vacuo and then ether (100 cm 3) was added to dissolve the 
organic material present. The organic layer was washed with aqueous 
sodium hydroxide solution (10% w/v, 100 cm 3) and then water (2 x 100 
cm3). The organic layer was dried, filtered and the solvent removed in 
vacuo to give a white solid (4.92 g, 70%), mp 51-53 O(  from hexane, lit. 112 , 
53..54 OC, (Found: 197.9667. C8H7 79BrO requires M, 197.9680); 811(200 
MHz, CDC13) 2.46 (3 H, s, CH3), 7.00-7.74 (3 H, m, Ar-H), 10.43 (1 H, s, 
CHO); 8c(50 MHz, CDC13) 22.7 (CH3), 127.2 (CH), 127.3 (CH), 129.4 
(quat.), 133.9 (quat.), 136.1 (CH), 139.5 (quat.), 192.6 (quat.); m/z (El) 
200 (M, 66%), 199 (100), 198 (67), 169 (26), 131 (12), 119 (18), 90 (27), 89 
(23), 69 (48); v max(Nujol)/cm' 1700 (C0). 
Benzyltriphenylphosphonium bromide 
A mixture of benzyl bromide (42.76 g, 0.25 mol) and 
triphenylphosphine (72.13 g, 0.275 mol) in dry cyclohexane (250 cm 3) was 
heated at reflux for 2 h under nitrogen. The rection was allowed to cool to 
room temperature and the white precipitate formed was filtered off and 
washed with ether (3 x 50 cm 3). The product 
benzyltriphenylphosphonium bromide was used without further 
purification (86.67 g, 80%), nip 289-291 OC, lit. 113 , 295-296 0C from ether. 
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Methyltriphenyiphosphonium bromide 
Available commercially from Aldrich. 
Ethyltriphenyiphosphonium bromide 
Available commercially from Aldrich. 
Isopropyltriphenyiphosphonium iodide 
Available commercially from Avocado. 
Methvl(triphenvlphosphoranovlidefle)aCetate 
Available commercially from Aldrich. 
2-Bromostyrene 168 
Potassium tert-butoxide (5.20 g, 45.8 mmol) in THF (50 cm3) was 
added dropwise to a solution of methyltriphenyiphosphonium bromide 
(16.44 g, 45.8 mmol) in THF (150 cm 3). The reaction was stirred at room 
temperature for 1.5 h under nitrogen. A solution of 2-bromobenzaldehyde 
(8.39 g, 45.8 mmol) in THF (10 cm 3) was added dropwise and stirred for 1 
h. Aqueous ammonium chloride (25% w/v, 100 cm 3) was added and the 
mixture stirred for 5 minutes. DCM (100 cm 3) was added, the organic 
layer was separated and the aqueous layer extracted with DCM (2 x 50 
cm3). The combined organic layers were dried, filtered and the solvent 
removed in vacuo. The product was passed through a small pad of 
alumina (hexane) to yield 2-bromostyrene as a clear oil (6.29 g, 75%), bp 
40 C/0.1 mmHg, lit. 114, 60-61 OC/3.0 Torr, (Found: 181.9744. C8H7 79Br 
requires M, 181.9731); 811(200 MHz, CDC13) 5.35 (1 H, dd, J 1.0 Hz, J 
11.0 Hz, Cl2), 5.67 (1 H, dd, J 1.0 Hz, J 17.5 Hz, CH2), 7.02-7.33 (3 H, m, 
CH), 7.54-7.60 (2 H, m, CH); 8c(50 MHz, CDC13) 116.6 (CH2), 123.5 
(quat.), 126.6 (CI), 127.3 (CH), 128.9 (CI), 132.7 (CH), 135.6 (CH), 137.3 
(quat.); m/z (El) 184 (M, 56%), 182 (60), 103 (68), 102 (13), 77 (34), 69 
(100); vmax (Film)1cm 1 1636 (C=C). 
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2-Bromostilbene 163 
Sodium metal (1.91 g) was dissolved in 'super dry' ethanol (100 
cm3) under nitrogen and the sodium ethoxide thus prepared was then 
added over a period of 1 h to a mixture of benzyltriphenylphosphonium 
bromide (34.96 g, 80.7 mmol) and 2-bromobenzaldehyde (14.93 g, 80.7 
mmol) in 'super dry' ethanol (150 cm 3). The reaction was left stirring 
under nitrogen overnight. Aqueous ammonium chloride (25% w/v, 100 
cm3) was added and the mixture was stirred for 5 minutes. DCM (100 
cm3) was added, the organic layer was separated and the aqueous layer 
was extracted with DCM (2 x 50 cm 3). The combined organic layers were 
dried, filtered and the solvent removed in vacuo. The product was passed 
through a small pad of alumina (hexane) to give a mixture of the Z and E 
isomers. A mixture of the isomers and iodine (0.15 g) in heptane (100 
cm3) were heated at reflux overnight. The reaction was cooled to room 
temperature and washed with sodium thiosuiphate solution (10% w/v, 50 
cm3). DCM (100 cm 3) was added and the organic layer was extracted, 
dried, filtered and the solvent removed in vacuo. Distillation of the 
product gave 2-bromostilbene as a clear oil (12.79 g, 61%), bp 115 OC/0.15 
mmHg, lit. 115, 115 OC/0.15 mmHg (Found: 258.0047. C14H11 79Br requires 
M 1 , 258.005); 611(200 MHz, CDC13) 7.00-8.00 (11 H,. in, CH); öc(SO MHz, 
CDC13) 124.0 (quat.), 126.6 (CH), 126.7 (2 x CH), 127.3 (CH), 127.4 (CH), 
127.9 (CH), 128.6 (2 x CH), 128.7 (CH), 131.3 (CH), 132.9 (CH), 136.9 
(quat.), 137.0 (quat.); m/z (El) 260 (M, 68%), 259 (10), 179 (100), 178 
(83); vmax(Film)/cm' 2900 (CH). 
Methyl-3-(2-bromophenvl)prop-2-eflOate 164 
Methyl diethyiphosphonoacetate (12.02 g, 57.7 mmol) and 2-
bromobenzaldehyde (10.59 g, 57.2 mmol) were dissolved in DMF (100 
cm3). Sodium methoxide (3.40 g, 62.9 mmol) was added and the mixture 
stirred for 1.5 h. Water (100 cm 3) was added and the mixture was 
extracted with DCM (2 x 100 cm 3). The organic layer was dried, filtered 
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and the solvent removed in vacuo. The product was passed through a 
small pad of alumina (hexane) to give a yellow oil. Distillation of the 
product gave methyl-3-(2-bromophenyl)prop-2-eflOate as a colourless oil 
(13.11 g, 95%), bp 120 OC/0.05 mmHg, lit. 116 , 170-171 °C/1.6 x 10 1 Torr, 
(Found: 239.9777. C10H9 79BrO requires M, 239.978); 811(200 MHz,CDC13) 
3.77 (3 H, s, CH3), 6.31 (1 H, d, J 15.9 Hz, CH), 7.13-7.56 (4 H, m, Ar-H), 
7.97 (1 H, d, J 15.9 Hz, CH); c(SO MHz, CDC13) 51.7 (CH3), 120.4 (CH), 
125.1 (quat.), 127.5 (2 x CH), 131.1 (CH), 134.2 (CH), 134.3 (quat.), 143.0 
(CH), 166.6 (quat.); m/z (El) 242 (M, 5%), 240 (5), 211 (8), 161 (100), 102 
(34), 75 (14); vmax(Film)/cm' 1634 (C=C), 1720 (C0). 
(xv) 2-Ethenvl-6-methvlbromobenzefle 173 
Potassium tert-butoxide (1.63 g, 14.3 mmol) in THF (50 cm 3) was 
added dropwise to a solution of methyltriphenylphosphonium bromide 
(5.12 g, 14.3 mmol) in THF (100 cm 3). The reaction was stirred at room 
temperature for 1 h under dry nitrogen. A solution of 2-formyl-6-
methylbromobenzene (2.86 g, 14.3 mmol) in THF (10 cm 3) was added 
dropwise and stirred for 1 h. Aqueous ammonium chloride (25% w/v, 50 
cm3) was added and the mixture stirred for 5 minutes. DCM (100 cm 3) 
was added, the organic layer separated and the aqueous layer extracted 
with DCM (2 x 25 cm3). The combined organic layers were dried and the 
solvent removed in vacuo. Dry-flash column chromatography of the 
product eluting with hexane afforded 2-ethenyl-6-methylbromobenzene as 
a clear oil (2.14 g, 76%), bp 100 OC/2.0 mmHg, (Found: 195.9893. 
C9H979Br requires M, 195.9888); 8H(200 MHz, CDC13) 2.43 (3 II, s, CH3), 
5.31 (1 H, dd, J 1.0 Hz, J 11.0 Hz, CH), 5.60 (1 H, dd, J 1.0 Hz, J 17.0 Hz, 
CH), 7.06-7.39 (4 H, m, Ar-H); 8c(50 MHz, CDC13) 23.8 (CH3), 116.4 
(CH2), 124.3 (CH), 126.1 (quat.), 126.7 (CH), 129.8 (CH), 136.7 (CH), 
138.1 (quat.), 138.5 (quat.); m/z (El) 198 (Mt, 77%), 196 (76), 117 (82), 
115 (78), 40 (100); vmax(Film)Icm' 3035 (CH), 1624 (C=C). 
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II. Preparation of Bromoacraldehvdes 
(i) Z-3-Bromo-2-phenyl-2-butenal 215a and E-3-Bromo-2-phenyl-2-
butenal 215b 
These two isomers were prepared by a modification of the method 
of Arnold et al.95  Phosphorus tribromide (50.7 g, 0.186 mol) was added 
over 30 min with stirring and ice cooling to a solution of DMF (16.4 g, 
0.22 mol) in dry chloroform (50 cm 3). After 30 min a white precipitate 
formed and phenylacetone (10.0 g, 75 mmol) in dry chloroform (30 cm 3) 
was added dropwise and stirred for 24 h at room temperature. The 
solvent was removed in vacuo, cooled in ice and ice (1500 g) added. To 
the mixture was added, with cooling, solid sodium bicarbonate solution 
until neutral. The mixture was extracted with ether (3 x 500 cm 3), 
washed with saturated sodium bicarbonate solution (2 x 200 cm 3), water 
(200 cm3) and dried. The solvent was then removed in vacuo to give a 
yellow oil. Medium pressure liquid chromatography on silica, eluting 
with hexane-ether, (4:1) gave a) Z-3-bromo-2-phenyl-2-butenal as a 
yellow oil (4.29 g, 25%),bp 80 OC/0.4 mmHg, lit, 83 OC/04 mmHg, 
(Found: 224.9931. C10H10 79BrO requires (M+1), 224.9915); 6H(200 MHz, 
CDC13) 2.49 (3 H, s, CH3), 7.04-7.45 (5 H, m, Ar-H), 10.26 (1 H, s, CHO); 
6c(50 MHz, CDC13) 29.0 (CH3), 128.1 (CH), 128.3 (2 x CH), 129.2 (2 x CH), 
133.5 (quat.), 139.4 (quat.), 143.8 (quat.), 192.9 (CHO); m/z (FAB) 227 
(M+1, 37%), 225 (M+1, 39%), 209 (10), 193 (12), 175 (12), 161 (52), 147 
(22), 129 (100), 115 (77), 103 (17), 91 (46), 77 (32); vmax(Film)/cm' 1603 
(C=C), 1682 (C=O). 
b) E-3-bromo-2-phenyl-2-butenal as a yellow oil (1.71 g, 10%), 
(Found 224.9931. CioHi079BrO requires (M+1), 224.9915); 6H(200 MHz, 
CDC13) 2.98 (3 H, s, CH3), 7.12-7.46 (5 H, m, Ar-H), 10.09 (1 H, s, CHO); 
c(50 MHz, CDC13) 25.7 (CH3), 128.1 (CH), 128.6 (2 x CH), 129.2 (2 x CH), 
136.5 (quat.), 142.2 (quat.), 147.3 (quat.), 186.3 (CHO); m/z (FAB) 227 
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(M+1, 50%), 225 (M+1, 15), 207 (16), 193 (17), 175 (16), 161 (59), 149 (19), 
135 (22), 128 (75), 115 (78), 91 (68), 73 (100); vmax(Film)/cm' 1616 (CC), 
1676 (C=O). 
(ii) 1-Bromo-2-formylcyclopentene 227 
Phosphorus tribromide (70.0 g, 0.228 mol) was added over 30 mm 
with stirring and ice cooling to a solution of DMF (20.14 g, 0.276 mol) in 
dry chloroform (80 cm 3). After 30 min a white precipitate formed and 
cyclopentanone (7.75 g, 92.1 mmol) in dry chloroform 150 cm31 was added 
dropwise and stirred for 24 h at room temperature. The solvent was 
removed in vacuo, cooled in ice and ice (2000 g) added. Solid sodium 
bicarbonate was added to the mixture until neutral. The mixture was 
extracted with ether (3 x 500 cm 3), washed with saturated sodium 
bicarbonate solution (2 x 200 cm 3), water (200 cm 3) and dried. The 
solvent was removed in vacuo to give a yellow liquid. Dry-flash column 
chromatography on silica, eluting with hexane-ether (2:1) gave 1-bromo-
2-formylcyclopentene as an oil (10.64 g, 66%), bp 55 OC/2.0 mmHg, 
45.47 0C/1.5 mmHg, (Found: 174.9752. C6H8 79BrO requires (M+1), 
174.9759); H(200 MHz, CDC13) 1.94 (2 H, m, CH2), 2.44 (2 H, m, CH2), 
2.82 (2 H, m, CH2), 9.86 (1 H, s, CHO); 8c(50 MHz, CDC13) 21.2 (CH2), 
29.1 (CH2), 42.4 (CH2), 139.8 (quat.), 141.3 (quat.), 189.0 (quat.); m/z 
(FAB) 177 (M+1, 42%), 175 (58), 173 (21), 159 (33), 143 (15), 125 (16), 111 
(41), 91 (39), 79 (95), 73 (100); vmax(Film)Icm' 1674 (C0). 
III. Preparation of Boronic acids 
(i) 2-(E-2-Phenylethenvl)phenvlboronic acid 160 
n-Butyllithium (7.69 cm 3 of a 2.21 M solution in hexanes) was 
added dropwise with stirring to a solution of 2-bromostilbene (3.99 g, 15.4 
mmol) in THF (50 cm 3) at -78 OC under dry nitrogen. The mixture was 
stirred at -78 OC for 1 h then triisopropylborate (3.76 g, 20 mmol) was 
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added dropwise. The mixture was stirred at -78 OC  for 10 minutes then 
allowed to warm to room temperature. The mixture was neutralised with 
2 M hydrochloric acid and extracted with ether (50 cm 3). The ether layer 
was washed with water (25 cm 3), dried, filtered and the solvent removed 
in vacuo. The product was crystallised from chloroform to give 2-(E-2-
phenylethenyl)phenylboronic acid as a white solid (2.11 g, 61%), mp 208-
210 °C; H(200 MHz, d6DMSO) 7.10 (1 H, d, J 16.4 Hz, CH), 7.61 (1 H, d, J 
16.4 Hz, CH), 7.21-7.77 (9 H, m, Ar-H), 8.00 (2 H, br, OH); 8c(50 MHz, d6 
DMSO) 124.5 (CH), 126.4 (2 x CH), 126.7 (CH), 127.6 (CH), 128.4 (CH), 
128.9 (2 x CH), 129.1 (CH), 130.1 (CH), 133.7 (CH), 137.6 (2 x quat.), 
140.3 (quat.); vmax(Nujol)/cm' 3398 (OH), 1343 (BO). 
(ii) 2-Ethenyiphenylboronic acid 181 
n-Butyllithium (14.5 cm 3, of a 2.15 M solution in hexanes) was 
added dropwise with stirring to a solution of 2-bromostyrene (5.2 g, 28.4 
mmol) in THF (150 cm 3) at -78 OC under dry nitrogen. The mixture was 
stirred at -78 °C for 1 h then triisopropylborate (8.53 cm 3, 36.9 mmol) was 
added dropwise. The mixture was stirred for 10 minutes then allowed to 
warm to room temperature. The mixture was neutralised with 2 M 
hydrochloric acid and extracted with ether (50 cm 3). The ether layer was 
washed with water (25 cm 3), dried, filtered and the solvent removed in 
vacuo. The product was crystallised from water to give 2-
ethenyiphenylboronic acid as a white solid (2.19 g, 52%), mp 102-104 OC 
from water, lit. 117, 108-109 OC; H(200 MHz, d6DMSO) 5.18 (1 H, dd, J 
11.0 Hz, CH2), 5.64 (1 H, dd, J 10.6 Hz, CII2), 6.74-8.03 (7 H, m, CH, OH); 
c(SO MHz, d6DMSO) 114.2 (CH2), 124.2-132.2 (CH), 140.5 (quat.); 
vmax(Nujol)/cm' 3367 (OH), 1346 (BO). 
iii) Phenylboronic acid 
Available commercially from Aldrich. 
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(iv) 2-N-Benzovlaminomethvlphenvlboronic acid 165 
This was made using the methodology developed by Reece. 89 
Methyffithium (38.4 cm 3  of a 1.5 M solution in ether) was added dropwise 
with stirring to a solution of N-benzoyl-2-bromobenzylamine (9.57 g, 32.6 
mmol) in THF (30 cm 3) at -78 OC under dry nitrogen. The mixture was 
stirred at -78 0C for 1 h then tert-butyffithium (71.1 cm 3 of a 1.49 M 
solution in pentane) was added dropwise. The mixture was stirred at -78 
0C for 1 h then triisopropylborate (36.1 g, 44.3 cm 3, 0.192 mol) was added 
dropwise. After 10 minutes the reaction was allowed to warm to room 
temperature. The mixture was neutralised with 2 M hydrochloric acid 
and extracted with ether (50 cm 3). The ether layer was washed with 
water (25 cm 3), dried, filtered and the solvent removed in vacuo. The 
product was crystaffised. from DMSO/water to give 2-N-
benzoylaminomethylphenylboronic acid as a pale green crystalline solid 
(7.90 g, 95%), mp 166-168 OC, lit., 89  166-168 OC; H(200 MHz, d6DMSO) 
4.59 (2 H, d, J 5.9 Hz, CH2), 7.19-7.92 (9 H, m, Ar-H), 8.52 (2 H, br, OH), 
9.19 (1 H, d, J 5.8 Hz, NH); 8c(50 MHz, d6DMSO) 43.2 (CH2), 126.0 (CH), 
127.4 (2 x CH), 128.5 (2 x CH), 129.3 (CH), 131.6 (CH), 133.7 (CH), 134.2 
(quat.), 143.1 (quat.), 166.9 (quat.); v max(Nujol)Icm' 3375 (OH), 3266 
(NH), 1602 (C=O). 
IV. Preparation of substituted Bromoalkadienes 
(i) EE-4-Bromo-1,3-diphenvlpenta-1,3-diefle 216 
n-Butyllithium (1.07 cm3, 2.5 M solution in hexanes) was added 
dropwise to a stirred solution of benzyltriphenylphosphonium bromide 
(1.15 g, 2.68 mmol) in dry ether (30 cm 3) at 0 0C and then stirred for 1 h 
at room temperature to generate the ylid. Z-3-bromo-2-phenylbut-2-enal 
(0.6 g, 2.68 mmol) in dry ether (10 cm 3) was added dropwise and stirred 
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for 1 h. The reaction was hydrolysed by the addition of ammonium 
chloride solution (10% w/v, 20 cm 3). The aqueous layer was separated, 
extracted with ether (2 x 50 cm 3) and the combined organic phase washed 
with water (50 cm3) and dried. The solvent was removed in vacuo to give 
a yellow oil. Dry-flash column chromatography on silica, eluting with 
hexane gave EE-4-bromo-1,3-diphenylpenta-1,3-diene as a clear oil 
which solidified on standing (0.68 g, 85%), mp 53-55 0C from pentane, 
lit. 51-54 OC, (Found: 298.0382. C17H15 79Br requires (M+1), 298.0357); 
6H(200  MHz, CDC13) 2.27 (3 H, s, CH3), 5.99 (1 H, d, J 15.9 Hz, CH), 7.06-
7.50 (10 H, m, Ar-H), 7.58 (1 H, d, J 16.0 Hz, CH); c(SO  MHz, CDC13) 
27.2 (CH3), 123.3 (quat.), 126.6 (2 x CH), 127.4 (CH), 127.5 (CH), 127.6 
(CH), 128.4 (3 x CH), 129.4 (2 x CH), 130.5 (CH), 134.2 (CH), 137.1 
(quat.), 138.0 (quat.), 138.8 (quat.); m/z (FAB) 301 (M+1, 25%), 300 (M+1, 
49), 299 (19), 298 (46), 279 (84), 251 (47), 234 (34), 227 (24), 219 (100), 
215 (68), 204 (88), 191 (45), 165 (55), 141 (71), 131 (19); vmax(Nujol)/cm' 
1573 (diene). 
(ii) E,Z-4-Bromo-1.3-diphenylpenta-1.3-diene 217a and Z,Z-4-
Bromo-1,3-diphenylpenta-1.3-diene 217b 
n-Butyllithium (4.52 cm 3, 2.5 M solution in hexanes) was added 
dropwise to a stirred solution of benzyltriphenylphosphonium bromide 
(5.66 g, 11.3 mmol) in THF (100 cm3) at 0 OC and stirred for 1 h at room 
temperature to generate the ylid. E-3-bromo-2-phenylbut-2-enal (2.54 g, 
11.3 mmol) in THF (10 cm3) was added dropwise and stirred at room 
temperature for 1 h. The reaction was hydrolysed by the addition of 
ammonium chloride solution (10% w/v, 50 cm 3). The aqueous layer was 
separated, extracted with ether (2 x 50 cm 3) and the combined organic 
phase washed with water (50 cm 3) and dried. The solvent was removed 
in vacuo to give a yellow oil. Dry-flash column chromatography followed 
by MPLC on silica, eluting with hexane gave a) E,Z-4-bromo-1,3-
diphenylpenta-1,3-diene as a clear oil (0.75 g, 22%), (Found: 298.0364. 
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C17H1579Br requires (M+1), 298.0357); 6H( 200 MHz, CDC13) 2.72 (3 H, s, 
CH3), 5.98 (1 H, d, J 15.7 Hz, CH), 7.14-7.49 (11 H, m, CH); 6c(50  MHz, 
CDC13) 25.2 (CH3), 123.9 (quat.), 125.6 (CH), 126.4 (2 x CH), 127.2 (CH), 
127.6 (CH), 128.1 (2 x CH), 128.5 (2 x CH), 129.4 (2 x CH), 133.1 (CH), 
137.1 (quat.), 140.1 (quat.), 140.8 (quat.); m/z (FAB) 300 (M+1, 15%), 298 
(18), 204 (53), 202 (69), 176 (14), 115 (100); vmax(Film)/cm' 1598 (diene). 
b) Z,Z-4-bromo-1,3-diphenylpenta-1,3-diene as a clear oil (1.50 g, 44%) 
(Found: 300.0334. C17H1581Br requires (M+1), 300.0338); H(200 MHz, 
CDC13) 2.24 (3 H, s, CH3), 6.09 (1 H, d, J 12.0 Hz, CH), 6.60 (1 H, d, J 12.0 
Hz, CH), 7.20-7.50 (10 H, m, CH); 6c(50  MHz, CDC13) 27.0 (CII3), 121.1 
(quat.), 127.4 (CH), 127.5 (CH), 127.9 (2 x CH), 128.0 (2 x CH), 128.3 
(CH), 128.4 (2 x CH), 128.9 (2 x CH), 131.3 (CH), 136.6 (quat.), 136.7 
(quat.), 140.6 (quat.); m/z (FAB) 300 (M+1, 14%), 298 (16), 239 (11), 205 
(28), 189 (22), 178 (21), 152 (23), 141 (57), 128 (25), 102 (16); 
vmax(Fi1m)/cm' 1598 (diene). 
(iii) Methyl E.E-5-bromo-4-phenylhexa-2,4-dienoate 221 
Methyl(triphenylphosphoranoylidene)acetate (3.72 g, 11.1 mmol) 
and Z-3-bromo-2-phenylbut-2-enal (2.5 g, 11.1 mmol) in dry toluene (100 
cm3) were heated at reflux for 3 h under nitrogen. The reaction was 
cooled to room temperature and the solvent removed in vacuo. Wet-flash 
column chromatography on silica, eluting with hexane gave methyl E,E-
5-bromo-4-phenylhexa-2,4-dienoate as a yellow solid (2.87 g, 92%), mp 56-
57 °C from hexane (Found: C, 55.8; H, 5.0%; (M+1), 281.0186. 
C13H13BrO2 requires C, 55.5; H, 4.7%; (M+1), 281.0177); H(250 MHz, 
CDC13) 2.25 (3 II, s, CH3), 3.70 (3 H, s, CH3), 5.31 (1 H, d, J 15.6 Hz, CH), 
7.04-7.41 (5 H, m, Ar-H), 8.02 (1 II, d, J 15.6 Hz, CH); c(63  MHz, CDC13) 
27.8 (CH3), 51.5 (CH3), 123.0 (CH, olefinic), 127.8 (CH), 128.7 (2 x CH), 
129.0 (2 x CH), 130.9 (quat.), 136.6 (quat.), 137.6 (quat.), 145.2 (CH, 
olefinic), 167.2 (quat.); m/z (FAB) 283 (M+1, 99%), 282 (38), 281 (100), 
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249 (42), 221 (19), 201 (61), 169 (35), 149 (29), 128 (48), 115 (75); 
vmax(Nujol)/cm' 1724 (C0). 
E-2-Bromo-5-methyl-3-phenvlhexa-2.4-diefle 223 
Potassium tert-butoxide (1.25 g, 11.1 mmol) in THF (10 cm 3) was 
added dropwise to a stirred solution of isopropyltriphenyiphosphonium 
bromide (4.80 g, 11.1 mmol) in THF (100 cm 3) at 0 OC and stirred for 1 h 
at room temperature to generate the ylid. Z-3-bromo-2-phenylbut-2-enal 
(2.50 g, 11.1 mmol) in THY (10 cm3) was added dropwise and stirred at 
room temperature for 1 h. The reaction was hydrolysed by the addition of 
ammonium chloride solution (10% w/v, 50 cm 3). The aqueous layer was 
separated, extracted with ether (2 x 50 cm 3) and the combined organic 
phase washed with water (50 cm 3) and dried. The solvent was removed 
in vacuo to give a green oil. Wet-flash column chromatography on silica, 
eluting with hexane gave E-2-bromo-5-methyl-3-phenylhexa-2, 4-diene as 
an oil, which was used without further purification (1.51 g, 54%), (Found: 
251.0433. C13H1579Br requires (M+1), 251.0435); 6H(200 MHz, CDC13) 
1.27 (3 H, s, CH3), 1.78 (3 H, s, CH3), 2.30 (3 H, s, CH3), 6.07 (1 H, br, 
CH), 7.13-7.35 (5 H, m, Ar-H); 6c(50  MHz, CDC13) 19.6 (CH3), 26.4 (Cl3), 
26.5 (CH3), 121.7 (CH), 126.8 (CH), 128.1 (2 x CH), 129.0 (2 x CH), 137.2 
(quat.), 138.1 (quat.), 140.2 (quat.), 145.8 (quat.); m/z (FAB) 252 (M+1, 
12%), 251 (23), 227 (10), 203 (30), 195 (72), 187 (100), 170 (61), 155 (28), 
141 (45), 128 (51), 115 (92), 77 (23); vmax(Fi1m)/cm 1 1625, 1683 (diene). 
EE-2-Bromo-3-ithenylhexa-2.,4-diene 224 
n-Butyffithium (4.44 cm 3, 2.5 M solution in hexanes) was added 
dropwise to a stirred solution of ethyltriphenyiphosphonium bromide 
(4.12 g, 11.1 mmol) in THF (100 cm3) at 0 OC and stirred for 1 h at room 
temperature to generate the ylid. Z-3-bromo-2-phenylbut-2-enal (2.50 g, 
11.1 mmol) in THF (10 cm3) was added dropwise and stirred at room 
temperature for 1 h. The reaction was hydrolysed by the addition of 
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ammonium chloride solution (10% wlv, 50 cm3). The aqueous layer was 
separated, extracted with ether (2 x 50 cm 3) and the combined organic 
phase washed with water (50 cm 3) and dried. The solvent was removed 
in vacuo to give a pale green oil. Wet-flash column chromatography on 
silica, eluting with hexane gave EE and E,Z-2-bromo-3-phenylhexa-2,4-
diene in a ratio (4:1) and was used without further purification (1.37 g, 
52%), (Found: 237.0297. C12H13 79Br requires (M+1), 237.0279); 6H(200 
MHz, CDC13) 1.29 (3 H, m, CH3)*,  1.73 (3 H, d, J 6.0 Hz, CH3), 2.12 (3 H, 
s, CH3)* ,  2.27 (3 H, s, CH3), 5.16 (1 H, q, J 7.0 Hz, 16.0 Hz, CH)*,  5.58 (1 
H, q, J 6.0 Hz, 11.0 Hz, CH), 6.74 (1 H, d, J 16.0 Hz, CH)*,  6.83 (1 H, d, J 
11.0 Hz, CH), 6.88-7.98 (10 H, m, Ar-H); 8c(50 MHz, CDC13) 17.0 (CH3), 
18.4 (CH3)*,  25.6  (CH3)* ,  27.6 (CH3), 127.1 (CH), 127.5 (CH), 128.0 (CH), 
128.1 (CH), 128.2 (2 x CH), 128.5 (CH), 128.8 (CH), 129.3 (CH), 131.0 
(quat.), 138.6 (quat.), 141.6 (quat.); m/z (FAB) 237 (M+1, 24%), 235 (20), 
205 (12), 189 (59), 173 (90), 155 (55), 141 (47), 128 (54), 115 (100), 77 (52); 
vmax(Film)/cm 1 1597, 1625, 1682 (diene). 
* major isomer absorptions. 
NO 1Bromo-2-(E-2-pheny1ethenvl)CyClOPefltefle 228 
n-Butyllithium (2.15 M, 11.2 cm 3 solution in hexanes) was added 
dropwise to a stirred suspension of benzyltriphenylphosphonium bromide 
(12.0 g, 24.0 mmol) in dry ether (150 cm 3) and stirred at room 
temperature for 1 h to generate the ylid. 1-Bromo-2-formylcyclopentene 
(4.2 g, 24.0 mmol) in dry ether (50 cm 3) was added dropwise and stirred 
at room temperature for 1 h. The reaction was hydrolysed by the 
addition of ammonium chloride (10% w/v, 100 cm 3). The aqueous layer 
was separated, extracted with ether (2 x 100 cm 3) and the combined 
organic phase washed with water (100 cm 3) and dried. The solvent was 
removed in vacuo to give a brown oil which was subject to wet-flash 
column chromatography on silica, eluting with hexane. The isomers were 
separated by MPLC on silica, eluting with hexane to give 1-bromo-2-(E-2- 
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phenylethenyl)cyclopentene as a brown oil 95 (2.5 g, 42%), (Found: 
248.0192. C13H13 79Br requires (M+1), 248.0201); 8H(250 MHz, CDC13) 
1.96-2.11 (2 H, m, Cl2), 2.24-2.40 (2 H, m, CH2), 2.56-2.84 (2 H, m, CH2), 
6.50 (1 H, d, J 16.1 Hz, CH), 7.06 (1 H, d, J 16.0 Hz, CH), 7.21-7.89 (5 H, 
m, Ar-H); 6c(83 MHz, CDC13) 21.4 (CH2), 31.1 (CH2), 40.7 (CH2), 121.5 
(quat.), 122.9 (olefinic CH), 126.5 (2 x CH), 127.6 (2 x CH), 128.5 (CH), 
131.4 (olefinic CH), 137.1 (quat.), 137.8 (quat.); m/z (FAB) 250 (M+1, 
10%), 249 (5), 248 (9), 201 (18), 169 (19), 141 (21), 128 (15), 91 (49); 
vmax(Nujol)/cm' 1570 (diene). 
(vii) Methyl 3-(2-bromocyclopent-1-envl)propenoate 229 
Methyl(triphenylphosphoranoylidene)acetate (7.68 g, 22.9 mmol) 
and 1-bromo-2-formylcyclopentene (4.0 g, 22.9 mmol) in dry toluene (100 
cm3) were heated at reflux for 3 h under nitrogen. The reaction was 
cooled to room temperature and the solvent removed in vacuo. Wet-flash 
column chromatography on silica, eluting with hexane-ether (4:1) gave 
methyl 3-(2-bromocyclopent- 1-enyl)propenoate as a yellow crystalline 
solid (3.49 g, 66%), mp 63-64 OC from ethanol (Found: C, 47.1; H, 5.0%; 
(M+1), 231.0008. C9HIIBrO2 requires C, 46.8; H, 4.8%; (M+1), 
231.0021); 5H(250 MHz, CDC13) 2.01-2.07 (2 H, m, CH2), 2.41-2.50 (2 H, 
m, CH2), 2.75-2.82 (2 H, m, CH2), 3.75 (3 H, s, CH3), 5.78 (1 H, d, J 15.8 
Hz, CH), 7.51 (1 H, d, J 15.8 Hz, CH); 6c(50  MHz, CDC13) 21.3 (Cl2), 30.8 
(CH2), 41.3 (CH2), 51.5 (CH3), 120.2 (CH), 130.1 (quat.), 136.7 (quat.), 
137.8 (CH), 167.2 (quat.); m/z (FAB) 233 (M+1, 44%), 232 (15), 231 (45), 
217 (17), 183 (12), 151 (41), 119 (51), 109 (49), 69 (54), 57 (86), 43 (91), 29 
(100); vmax(Nujol)/cm' 1627 (C=C), 1725 (C0). 
V. Preparation of substituted Alkenyl bromides 
(i) 2-Bromopropene 293 
Commercially available from Avocado. 
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(jflx-Methvl-trans-cinnamic acid 296 
This was made using Dalcanale and Montanan's method. 104  
Sodium chlorite (4.54 g, 50.25 mmol) in water (40 cm 3) was added 
dropwise over a period of 1 h to a stirred mixture of a-methyl-trans 
cinnamaldehyde (3.00 g, 20.1 mmol), acetonitrile (30 cm 3), NaH2PO4 (0.66 
g) in water (25 cm 3) with hydrogen peroxide (27.5%, 2.64 cm 3, 21.36 
mmol) at 10 °C. The reaction was allowed to warm to room temperature 
and stirred overnight. Sodium thiosuiphate (0.2 g) was added to destroy ,  
any unreacted HOC1 and H202. The reaction mixture was acidified with 
aqueous hydrochloric acid (10% w/v, 100 cm 3) and the precipitate was 
washed with water (2 x 50 cm 3) to give a-methyl-trans-cinnamic acid as a 
white solid (2.35 g, 80%), mp 78-80 00, lit., 104  79-81 00, (Found: 162.0681. 
C1QH1002 requires M, 162.0681); H(250 MHz, CDC13) 2.17 (3 H, d, J 1.5 
Hz, CH3), 7.25-7.48 (5 H, m, Ar-H), 7.86 (1 H, d, J 1.5 Hz, CH), 11.53 (1 
H, br, OH); c(63 MHz, CDC13) 13.6 (CH3), 127.5 (quat.), 128.3 (2 x CH), 
128.6 (2 x CH), 129.7 (CH), 135.5 (quat.), 141.0 (OH), 174.4 (quat.); m/z 
(El) 162 (M, 23), 161 (M, 48), 115 (100); vmax(Nujol)/cm' 1680 (C0). 
(iii) 2-Bromo-1-phenylpropene 297a,b 
This was made using the oxidative bromo decarboxylation 
methodology as described by Dahl et al.103  a-Methyl-trans-cinnamic acid 
(6.53 g, 40.3 mmol) and iodobenzene diacetate (6.60 g, 20.15 mmol) in 
acetonitrile (160 cm 3) and water (80 cm 3) were stirred at 60 OC for 1 h. N-
bromosuccinimide (7.13 g, 40.3 mmol) was added and the reaction 
mixture was stirred for a further 1 h at 60 OC The reaction was allowed 
to cool to room temperature and the solvent removed in vacuo. The 
aqueous layer was washed with ether (3 x 50 cm 3). The organic layer was 
dried and the solvent was removed in vacuo. Dry-flash column 
chromatography on silica, eluting with hexane gave 2-bromo-1-
phenylpropene as a mixture of E and Z isomers (2:1) (1.67 g, 21%), 
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(Found: 195.9884. C9H9 79Br requires M, 195.9888); 8H(250 MHz, CDC13) 
2.47 (3 H, d, J 1.4 Hz, CH 3)* ,  2.50 (3 H, d, J 1.3 Hz, CH3), 6.73 (1 H, br s, 
CH), 6.99 (1 H, br, CH)* ,  7.20-7.59 (m, Ar-H), lit. 118  for E isomer, 
8H(CDC13) 2.48 (3 H, d, 'J 1.3 Hz, CH3), 6.99 (1 H, br, CH), 7.37-7.50 (5 H, 
m, Ar-H); 6c(50 MHz, CDC13) 24.8 (CH3), 30.5 (CR3), 123.5 (quat.), 127.1 
(2 x CH), 127.4 (CH), 127.9 (CH), 128.2 (3 x CH), 128.3 (3 x CH), 128.6 
(CH), 136.4 (quat.); m/z (El) 198 (M, 73%), 196 (M, 74), 117 (100), 115 
(93), 91 (41); vmax(Film)/cm' 2909 (CH). * major isomer absorptions. 
(iv) 1,1-Diphenylpropene 299 
This reaction was carried out using the methodology of Olah. 106  
Lithium metal was added to n-pentane (50 cm 3) in a three necked flask 
flushed with nitrogen. A solution of ethyl bromide (10.9 g, 0.10 mol) in n-
pentane (12 cm 3) was added dropwise at 30 °C. After stirring under 
nitrogen for 1 h the ethyffithium was added, using a double tipped needle, 
to a solution of benzophenone (6.37 g, 35.0 mmol) in dry ether (100 cm 3) 
at -78 OC. The reaction was stirred for 30 min at -78 OC then thionyl 
chloride (8.33 g, 70.0 mmol) was added dropwise with good stirring. The 
reaction mixture was allowed to warm to room temperature and poured 
into a separating funnel with ice (200 g). The organic layer was 
separated and the aqueous layer was extracted with ether (3 x 50 cm 3). 
The combined fractions were dried, filtered and the solvent removed in 
vacuo to give a white solid. Dry-flash column chromatography on silica, 
eluting with hexane gave 1,1-diphenyipropene (1.63 g, 24%), mp 49-51 OC 
from hexane, lit. 119 mp 51-52 OC, (Found: 194.1093. C15H14 requires W, 
194.1096); 6i-i(250 MHz, CDC13) 1.82 (3 H, d, J 7.1 Hz, CH3), 6.20-6.29 (1 
H, q, J 7.0 Hz, CH), 7.23-7.47 (10 H, m, Ar-H); 6c(63 MHz, CDC13) 15.6 
(CH3), 124.0 (CH), 126.6 (CH), 126.7 (CH), 127.1 (2 x CH), 127.9 (2 x CH), 
128.0 (2 x CH), 129.9 (2 x CH), 139.9 (quat.), 142.3 (quat.), 142.8 (quat.); 
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m/z (El) 194 (M, 40%), 193 (28), 178 (18), 165 (15), 115 (30), 40 (100); 
vmax(Nujol)/cm' 2933 (CH). 
(v) 1,2-Dibromo-1,1-diphenylpropane 300 
Bromine (0.86 g, 5.32 mmol) was added dropwise to a solution of 
1,1-diphenyipropene (1.0 g, 5.14 mmol) in carbon tetrachloride (30 cm 3) 
and stirred for 30 min at room temperature. The solvent and excess 
bromine were removed in vacuo to give 1,2-dibromo-1,1-diphenylpropane 
as an orange oil which was not purified further. 8H(60 MHz, CDC13) 2.95 
(3 H, d, J 14.4 Hz, CH3), 5.40 (1 H, q, J 14.4 Hz, CH), 7.20-7.95 (10 H, m, 
Ar-H), lit. 121 i-i(CC14) 2.82 (CH3), 5.26 (CH), 7.03-7.86 (Ar-H). 
NO 2-Bromo-11-diphenvlpropene 301 
Dehydrobromination of the dibromo compound occurred over a 
period of seven days in a nmr tube. 
DBU (1.56 g, 10.28 mmol) was added dropwise to a solution of 1,2-
dibromo-1,1-diphenylpropane (1.82 g, 5.14 mmol) in DMSO (20 cm 3) and 
stirred at room temperature for 30 mm. Water (10 cm 3) was added and 
the reaction mixture was extracted with DCM (2 x 20 cm 3). The organic 
layer was dried, filtered and the solvent removed in vacuo. Dry-flash 
column chromatography on silica, eluting with hexane gave 2-bromo-1, 1-
diphenyipropene as a brown oil (0.91 g, 65%), (Found: 272.0198. 
C15H1379Br requires M, 272.0201); 6H(250 MHz, CDC13) 2.46 (3 H, s, 
CH3), 7.18-7.38 (10 H, m, Ar-H), lit. 120  6H(CC14) 2.43 (3 H, s, CH3), 7.21 
(10 H, Ar-H); c(63  MHz, CDC13) 27.3 (CH3), 121.0 (quat.), 127.0 (CH), 
127.1 (CH), 127.9 (2 x CH), 128.2 (2 x CH), 129.0 (2 x CH), 129.1 (2 x CH), 
140.6 (quat.), 141.6 (quat.), 143.1 (quat.); m/z (El) 274 (M, 8%), 272 (8), 
194 (30), 178 (12), 115 (20); v max(Nujol)/cm 1687 (C=C), 2917 (CH). 
(vii) 2-Bromo-3-methvlbut-2-ene 303 
Commercially available from Avocado. 
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E-2-Phenylbut-2-ene 305 
Potassium tert-butoxide (3.03 g, 26.9 mmol) in THF (10 cm 3) was 
added dropwise to a stirred suspension of ethyltriphenyiphosphonium 
bromide (10.0 g, 26.9 mmol) in THF (100 cm 3) and stirred at room 
temperature for 1 h to generate the ylid. Acetophenone (3.24 g, 26.9 
mmol) in THF (25 cm3) was added dropwise and stirred at room 
temperature for 1 h. The reaction was hydrolysed by the addition of 
ammonium chloride (10% w/v, 100 cm 3). The aqueous layer was 
separated, extracted with ether (2 x 100 cm 3) and the combined organic 
phase washed with water (100 cm 3) and dried. The solvent was removed 
in vacuo to give a yellow oil. Wet-flash column chromatography on silica, 
eluting with hexane gave E-2-phenylbut-2-ene as a clear oil (2.30 g, 65%), 
bp 175-180 OC, lit. 12 ' bp for Z isomer 194 OC, bp for E isomer 174 OC, 
(Found: 133.1019. C,0H12 requires (M+1), 133.1017); 5H(200 MHz, 
CDC13) 1.81 (3 H, m, CH3), 2.03 (3 H, t, CH3), 5.80-5.91 (1 H, m, CH), 
7.16-7.39 (5 H, m, Ar-H); c(63 MHz, CDC13) 14.2 (CH3), 15.3 (CH3), 122.3 
(CH), 125.4 (2 x CH), 126.3 (CH), 128.0 (2 x CH), 135.4 (quat.), 143.9 
(quat.); m/z (FAB) 135 (M+1, 19%), 134 (22), 133 (100), 132 (27), 117 (31), 
115 (20), 105 (49), 91 (23), 78 (14); v max(Film)/cm' 1646 (C=C). 
23-Dibromo-3-phenvlbutane 306ab 
Bromine (2.91 g, 18.0 mmol) was added dropwise to a solution of E-
2-phenylbut-2-ene (2.30 g, 17.4 mmol) in carbon tetrachloride (50 cm 3) 
and stirred for 30 min at room temperature. The solvent and excess 
bromine were removed in vacuo to give 2,3-dibromo-3-phenylbutane as a 
mixture of diastereomers and as an orange oil which was not purified 
further (5.04 g, 100%), (Found: 290.9225. C10H12Br2 requires (M+1), 
290.9208); 8H(200 MHz, CDC13) 1.61 (3 H, d, J 6.6 Hz, CH3), 2.06 (3 H, d, 
J 7.0 Hz, CH3)* ,  2.28 (3 H, s, CH3)* ,  2.38 (3 H, s, CH3), 4.81 (2 H, pair of q, 
J 7.0 Hz, CH), 7.26-7.66 (m, CH); c(63 MHz, CDC13) 22.6 (CH3), 23.2 
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(CH3), 25.0 (CH3), 29.9 (CH3), 58.2 (CH), 60.3 (CH), 70.3 (quat.), 71.5 
(quat.), 126.4 (2 x CH), 127.9 (2 x CH), 128.0 (2 x CH), 128.1 (2 x CH), 
128.2 (CH), 128.6 (CH), 140.4 (quat.), 144.4 (quat.); m/z (FAB) 291 (M+1, 
10%), 289 (6), 213 (79), 211 (63), 171 (12), 131 (100), 117 (40), 115 (56), 
103 (18), 77 (28); vmax(Film)/cm 1  2986 (CH). * major isomer absorptions. 
(x) E-2-Bromo-3-phenylbut-2-ene 307a and Z-2-Bromo-3-
phenylbut-2-ene 307b 
DBU (2.58 g, 17.0 mmol) was added dropwise to a solution of 2,3-
dibromo-3-phenylbutane (4.96 g, 17.0 mmol) in DMSO (10 cm 3) and 
stirred at room temperature for 30 mm. Water (30 cm 3) was added and 
the reaction mixture was extracted with DCM (2 x 40 cm 3). The organic 
layer was dried, filtered and the solvent removed in vacuo. Dry-flash 
column chromatography on silica, eluting with hexane gave a) E-2-bromo-
3-phenylbut-2-ene as a clear oil (0.36 g, 10%), (Found: 210.0048. 
C1oH1179Br requires M, 210.0044); 8H (250 MHz, CDC13) 2.06 (3 II, q, J 
2.1 Hz, CII3), 2.46 (3 H, q, J 2.2 Hz, CII3), 7.18-7.47 (5 H, m, Ar-H), lit. 122 
5H(CDC13) 1.95 (3 II, q, J 1.5 Hz, CII3), 2.85 (3 H, q, J 1.5 Hz, CII3), 7.2 (5 
II, Ar-H); 6c (63 MHz, CDC13) 21.5 (CH3), 25.5 (CII3), 116.7 (quat.), 126.7 
(CH), 127.7 (2 x CH), 128.0 (2 x CH), 135.4 (quat.), 144.6 (quat.); m/z (El) 
212 (M, 29%), 210 (30), 131 (76), 115 (57), 91 (100), 77 (22); 
vmax(Nujol)/cm' 1650 (C=C). b) Z-2-bromo-3-phenylbut-2-ene as a clear 
oil (1.02 g, 28%), (Found: 210.0048. C10H12 79Br requires M, 210.0044); 
6H(250 MHz, CDC13) 2.20 (3 H, t, J 1.4 Hz, CH3), 2.21 (3 H, t, J 1.2 Hz, 
CH3), 7.14-7.40 (5 H, m, Ar-H) lit. 123 H(CDC13) 2.14 (6 H, s, CH3), 7.45-7.9 
(5 H, m, Ar-H); 8c(63 MHz, CDC13) 25.8 (CH3), 26.4 (CH3), 119.7 (quat.), 
136.8 (CH), 127.7 (2 x CH), 128.2 (2 x CH), 135.9 (quat.), 141.6 (quat.); 
m/z (El) 212 (M, 29%), 210 (M, 30), 131 (76), 129 (29), 116 (36), 115 
(57), 103 (11), 91 (100), 77 (22); vmax(Film)Icm' 1650 (C=C). 
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23-Dibromo-2-methvlpentane 310 
Bromine (7.55 g, 46.70 mmol) was added dropwise to a solution of 
2-methylpent-2-ene (3.80 g, 45.15 mmol) in carbon tetrachloride (100 cm 3) 
and stirred for 30 min at room temperature. The solvent and excess 
bromine were removed in vacuo to give 2,3-dibromo-2-methylpentane as 
an orange oil. Dry-flash column chromatography on silica, eluting with 
hexane gave 2,3-dibromo-2-methylpentane (5.51 g, 50%), (Found: 
242.9203. C6H12Br2 requires 242.9208); 6H( 200 MHz, CDC13) 1.13 (3 H, t, 
J 7.0 Hz, CH3), 1.80 (3 H, s, CH3), 1.98 (3 H, s, CH3), 2.45 (2 H, m, CH2), 
4.10 (1 H, dd, J 2.0 Hz, 11.0 Hz, CHBr), lit.123 H(300 MHz, CDC13) 1.14 (3 
H, t, J 7.3 Hz, CH3), 1.80 (1 H, ddq, J 7.3, 11.0, 14.5 Hz, CH2), 1.81 (3 H, 
s, CH3), 1.99 (3 H, s, CH3), 2.48 (1 H, ddq, J 1.7, 7.3, 14.5 Hz CH2), 4.13 (1 
H, dd, J 1.7, 11.0 Hz, CHBr); 8c(63 MHz, CDC13) 13.1 (CH3), 28.0 (Cl3), 
29.1 (CH2), 35.3 (CH), 68.8 (quat.), 69.2 (CH); m/z (El) 243 (M, 11%), 
163 (24), 121 (23), 119 (21), 84 (100), 67 (12), 55 (34). 
3-Bromo-2-methylnent-2-ene 311 
DBU (1.64 g, 10.80 mmol) was added dropwise to 2,3-dibromo-2-
methylpentane (1.75 g, 7.17 mmol) and stirred at room temperature for 
30 min. Distillation at 25 °C/0.05 mmHg gave a mixture of starting 
material and product (1:2). DBU (0.54 g, 3.60 mmol) was added dropwise 
to the mixture and stirred at room temperature for 30 mm. Distillation 
of the reaction mixture gave 3-bromo-2-methylpent-2-ene as a clear oil 
with 12% starting material which was not purified further (1.02 g, 88%), 
bp 25 °C/0.05 mmHg, lit. 124 bp 136-140 °C, (Found: 162.0047. C6H,, 79Br 
requires 162.0044); 6H(200 MHz, CDC13) 1.08 (3 H, t, CH3), 1.75 (3 H, s, 
CH3), 1.85 (3 H, s, CH3), 2.48 (2 H, q, CH2); 8c(63 MHz, CDC13) 13.0 
(CH3), 19.9 (CH3), 25.1 (CH3), 31.0 (CH2), 123.4 (quat.), 129.0 (quat.); m/z 
(El) 165 (Mt, 26%), 164 (54), 163 (30), 162 (59), 149 (16), 121 (14), 83 
(100), 67 (64). 
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VI. Preparation of N42-Arylbenzy1Ibenzamides 
N-2-Phenylbenzylbenzamide 239 
This was made via Suzuki's82 palladium catalysed cross-coupling 
reaction using the Gronowitz 83 modifications. 	N-Benzoyl-2- 
bromobenzy1amine (3.0 g, 10.34 mmol) and 
tetrakis(triphenylphosphine)palladium(0) (0.54 g, 0.46 mmol, 4.4% mol 
catalyst) were stirred in 1,2-dimethoxyethane (40 cm 3) under dry nitrogen 
for 20 minutes. Phenylboronic acid (1.39 g, 11.37 mmol) and sodium 
carbonate (2.96 g, 10.34 mmol) in water (14.3 cm 3) were added and the 
mixture heated at reflux for 20 h. The reaction mixture was allowed to 
cool to room temperature and passed through a pad of alumina. The 
DME was removed in vacuo and dichioromethane (50 cm 3) was added. 
The organic layer was separated, dried and the solvent removed in vacuo 
to give a brown oil. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (4:1) gave N-2-phenylbenzylbenzamide as a 
white solid (2.05 g, 69%), mp 95-97 OC, lit. 67 mp 95-96 °C from ethanol 
(Found: 288.1377. C20H17NO requires (M+1), 288.1388); H(200 MHz, 
CDC13) 4.62 (2 H, d, J 5.6 Hz, CH2), 6.23 (1 H, br, NH), 7.25-7.50 (14 H, 
m, Ar-H); 8c(50 MHz, CDC13) 41.9 (CH2), 126.7 (2 x CH), 127.2 (CH), 
127.4 (CH), 127.7 (CH), 128.3 (4 x CH), 128.6 (CH), 128.8 (2 x CH), 130.1 
(CH), 131.2 (CH), 134.2 (quat.), 135.3 (quat.), 140.6 (quat.), 141.5 (quat.), 
166.9 (quat.); m/z (FAB) 289 (M+1, 53%), 288 (M+1, 73), 239 (10), 202 
(14), 179 (84), 166 (90), 152 (45), 134 (35), 122 (62), 115 (48), 91 (30), 77 
(100); vmax(Nujol)/cm' 1625 (C0), 3320 (NH). 
N-[2-(2-(E-2-Phenylethenvl)nhenvl)benzvll benzamide 161 
N-Benzoyl-2-bromobenzylamine (3.58 g, 12.2 mmol) and Pd(0) 
(0.63 g, 0.56 mmol, 4.6% mol catalyst) were stirred in DME (45 cm 3) 
under dry nitrogen for 20 minutes. E-2-(2-Phenylethenyl)phenylboronic 
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acid (3.00 g, 13.4 mmol) and sodium carbonate (3.52 g, 12.2 mmol) in 
water (20.0 cm 3) were added and the mixture heated at reflux for 20 h. 
The reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (4:1) gave N-[2-(2-(E-2-
phenylethenyl)phenyl)benzyl]benzamide as a brown solid (2.99 g, 63%), 
mp 139-141 00 from ethanol (Found: C, 86.1; H, 5.6; N, 3.5%; M, 
389.1756. C28H23N0 requires C, 86.3; H, 5.9; N, 3.6%; M, 389.1778); 
8H(200 MHz, CDC13) 4.11-4.35 (1 H, dd, J 5.2 Hz, 19.7 Hz, CH2), 4.46-4.73 
(1 H, dd, J 6.4 Hz, 14.6 Hz, Cl2), 6.13 (1 H, br, NH), 6.95-7.84 (20 H, m, 
CH); c(50  MHz, CDC13) 41.8 (OH2), 125.1 (CH), 126.2 (CH), 126.4 (2 x 
OH), 126.6 (2 x CH), 127.4 (OH), 127.5 (CH), 127.7 (CH), 128.0 (CH), 
128.2 (3 x CH), 128.6 (2 x OH), 129.1 (CH), 130.0 (2 x CH), 130.1 (CH), 
131.1 (CH), 133.0 (quat.), 135.4 (quat.), 136.5 (quat.), 136.7 (quat.), 139.6 
(quat.), 140.1 (quat.), 166.7 (quat.); m/z (El) 389 (M, 5%), 268 (20), 105 
(58), 77 (28); vmax(Nujol)/cm' 1636 (C0), 3404 (NH). 
(iii) N-F2-(2-Ethenylphenvl)benzvll benzamide 169 
2-Bromostyrene (2.64 g, 14.4 mmol) and Pd(0) (0.75 g, 0.65 mmol, 
4.5% mol catalyst) were stirred in DME (50 cm 3) under dry nitrogen for 
20 minutes. 2-N-Benzoylaminomethylphenylboronic acid (4.05 g, 15.84 
mmol) and sodium carbonate (4.14 g, 14.4 mmol) in water (35 cm 3) were 
added and the mixture heated at reflux for 20 h. The reaction mixture 
was allowed to cool to room temperature and passed through a pad of 
alumina. The DME was removed in vacuo and DCM (50 cm 3) was added. 
The organic layer was separated, dried and the solvent removed in vacuo 
to give a brown oil. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (4:1) gave N-[2-(2-
ethenylphenyl)benzyl]benzamide as a brown solid (3.51 g, 78%), mp 109- 
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111 OC from ethanol (Found: (M+1), 314.1545. C22H19N0 requires 
(M+1), 314.1545); H(250 MHz, CDC13) 4.30-4.48 (2 H, pair of dd, J 5.7 
Hz, 14.8 Hz, CH2), 5.11 (1 H, dd, J 1.1 Hz, 11.0 Hz, CH2), 5.63 (1 H, dd, J 
1.1 Hz, 17.6 Hz, CH2), 6.21 (1 H, br, NH), 6.38 (1 H, dd, J 11.0 Hz, 17.6 
Hz, CH), 7.17-7.73 (13 H, m, Ar-H); c(63  MHz, CDC13) 41.9 (CL), 115.3 
(CH2), 125.0 (CH), 126.7 (2 x CH), 127.3 (CH), 127.6 (CH), 127.9 (CH), 
128.3 (2 x CH), 128.8 (CH), 130.0 (CH), 131.2 (CH), 134.7 (CH), 135.0 
(quat.), 135.7 (quat.), 136.2 (quat.), 139.2 (quat.), 140.1 (quat.), 166.8 
(quat.); m/z (FAB) 315 (M+1, 23%), 314 (45), 303 (15), 290 (21), 193 (100), 




Methyl 3-(2-bromophenyl)prop-2-enoate (2.49 g, 10.3 mmol) and 
Pd(0) (0.54 g, 0.46 mmol, 4.4% mol catalyst) were stirred in DME (40 cm 3) 
under dry nitrogen for 20 minutes. Sodium carbonate (2.96 g, 10.33 
mmol) in water (14.3 cm 3) and 2-N-benzoylaminomethylphenylboronic 
acid (2.90 g, 11.37 mmol) were added and the mixture heated at reflux for 
20 h. The reaction mixture was allowed to cool to room temperature and 
passed through a pad of alumina. The DME was removed in vacuo and 
DCM (50 cm3) was added. The organic layer was separated, dried and the 
solvent removed in vacuo to give a brown oil. Distillation of the product 
gave N- [2- (2-(2-carbomethoxyethenyl)phenyl)benzyl]benzamide as an 
orange glass (3.03 g, 79%), bp 210-220 °C/0.1 mmHg (Found: C, 76.9; II, 
5.9; N, 3.9%; (M+1), 372.15996. C23H21NO3 requires C, 76.7; H, 6.2; N, 
3.7%; (M+1), 372.15998); H(250  MHz, CDC13) 3.63 (3 H, s, CL), 4.19-
4.27 (1 H, dd, J 5.1 Hz, 14.8 Hz, CL), 4.45-4.53 (1 H, dd, J 6.1 Hz, 14.8 
Hz, CL), 6.27 (1 H, d, J 16.1 Hz, CH), 6.32 (1 H, br, NH), 7.14-8.09 (14 
H, m, CH); 8c(63 MHz, CDC13) 41.6 (CH2), 51.4 (CH3), 118.7 (CH), 126.1 
(CH), 126.7 (2 x CH), 127.4 (CII), 127.9 (CH), 128.2 (2 x CH), 128.3 (CH), 
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128.7 (CH), 129.9 (CH), 130.1 (CH), 130.4 (CH), 131.2 (CH), 133.9 (quat.), 
136.1 (quat.), 138.9 (quat.), 141.2 (quat.), 142.4 (CH), 166.8 (quat.), 167.0 
(quat.); m/z (FAB) 372 (M+1, 50%), 279 (100), 191 (52), 179 (35), 165 (25). 
(v) N- 2-(2-Ethenyl-6-methylphenvl)benzv11 benzamide 174 
2-Bromo-3-methylstyrene (0.95 g, 4.82 mmol) and Pd(0) (0.25 g, 
0.22 mmol, 4.5% mol catalyst) were stirred in DME (20 cm 3) under dry 
nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(1.35 g, 5.30 mmol) and sodium carbonate (1.38 g, 4.82 mmol) in water 
(10 cm3) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (4:1) gave N-[2-(2-ethenyl-6-
methylphenyl)benzyl]benzamide as a brown solid (1.23 g, 78%), mp 111-
113 OC from ethanol-cyclohexane (Found: C, 84.6; H, 6.9; N, 4.5%; (M+1), 
328.1703. C23H21N0 requires C, 84.4; H, 6.5; N, 4.3%; (M+1), 328.1701); 
611(250 MHz, CDC13) 1.97 (3 H, s, CR3), 4.04-4.12 (1 H, dd, J 5.1 Hz, 14.7 
Hz, CR2), 4.41-4.49 (1 II, dd, J 6.7 Hz, 14.7 Hz, CH2), 5.03 (1 H, dd, J 1.3 
Hz, 11.0 Hz, CH), 5.56 (1 H, dd, J 1.3 Hz, 17.5 Hz, CH), 6.15 (1 H, br, 
NH), 6.27 (1 H, dd, J 11.0 Hz, 17.6 Hz, CH), 7.08-7.81 (12 H, m, Ar-H); 
6c(63 MHz, CDC13) 20.4 (CR3), 42.0 (CH2), 115.0 (CH2), 122.5 (CH), 126.7 
(2 x CH), 127.7 (CH), 127.8 (CH), 127.9 (CH), 128.3 (2 x CH), 129.2 (CH), 
129.5 (CH), 129.6 (CH), 131.2 (CH), 135.3 (CH), 135.8 (quat.), 136.0 
(quat.), 136.3 (quat.), 138.7 (quat.), 139.0 (quat.), 166.8 (quat.); m/z 
(FAB) 329 (M+1, 7%), 328 (22), 302 (39), 279 (38), 207 (39), 193 (18), 181 
(40), 165 (29), 134 (14), 105 (100); v max(NujOl)/C1fl 1 1638 (C0), 3320 
(NH). 
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NO N-[3-Methyl-2-phenylbenzvllbenzamide 178 
N-Benzoyl-2-bromo-3-methylbenzylamine (1.22 g, 4.01 mmol) and 
Pd(0) (0.21 g, 0.18 mmol, 4.5% mol catalyst) were stirred in DME (15 cm 3) 
under dry nitrogen for 20 minutes. Phenylboronic acid (0.54 g, 4.41 
mmol) and sodium carbonate (1.15 g, 4.01 mmol) in water (4.0 cm 3) were 
added and the mixture heated at reflux for 20 h. The reaction mixture 
was allowed to cool to room temperature and passed through a pad of 
alumina. The DME was removed in vacuo and DCM (50 cm 3) was added. 
The organic layer was separated, dried and the solvent removed in vacuo 
to give a brown oil. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) gave N-[3-methyl-2-
phenylbenzyl]benzamide as a white solid (0.75 g, 62%), mp 124-126 00 
from ethanol (Found: C, 83.7; H, 6.6; N, 4.7%; (M+1), 302.1549. 
C21H19N0 requires C, 83.7; H, 6.4; N, 4.7%; (M+1), 302.1545); H(250 
MHz, CDC13) 2.05 (3 H, s, CH3), 4.34 (2 H, d, J 5.8 Hz, CH2), 6.23 (1 H, br, 
NH), 7.16-7.67 (13 H, m, Ar-H); 8c(63 MHz, CDC13) 20.5 (CH3), 42.3 
(OH2), 126.0 (CH), 126.7 (2 x CH), 127.2 (OH), 127.5 (CH), 128.3 (2 x CH), 
128.6 (2 x CH), 128.8 (2 x CH), 129.0 (CH), 131.2 (OH), 134.2 (quat.), 
135.8 (quat.), 136.5 (quat.), 139.5 (quat.), 141.2 (quat.), 166.7 (quat.); m/z 
(FAB) 303 (M+1, 26%), 302 (77), 181 (100), 166 (33), 165 (43), 152 (12), 
122 (15), 105 (72), 77 (48); vmax(Nujol)/cm' 1639 (0=0), 3299 (NH). 
(vii) N- [3-Methvl-2-(2-ethenvinhenvl)benzvll benzamide 179 
N-Benzoyl-2-bromo- 3-niethylbenzylamine (1.0 g, 3.4 mmol) and 
Pd(0) (0.18 g, 0.15 mmol, 4.5% mol catalyst) were stirred in DME (15 cm 3) 
under dry nitrogen for 20 minutes. 2-Ethenyiphenylboronic acid (0.55 g, 
3.74 mmol) and sodium carbonate (0.98 g, 3.4 mmol) in water (3.5 cm 3) 
were added and the mixture heated at reflux for 20 h. The reaction 
mixture was allowed to cool to room temperature and passed through a 
pad of alumina. The DME was removed in vacuo and DCM (50 cm 3) was 
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added. The organic layer was separated, dried and the solvent removed 
in vacuo to give a brown oil. Dry-flash column chromatography on silica, 
eluting with hexane-ethyl acetate (9:1) gave N-[3-methyl-2-(2-
ethenylphenyl)benzyl]benzamide as a white solid (0.73 g, 65%), mp 131-
132 0C from ethanol (Found: 328.1694. C23H21N0 requires (M+1), 
328.1701); 6H(200  MHz, CDC13) 1.97 (3 H, s, CH3), 4.13-4.40 (2 H, pair of 
dd, J 6.0 Hz, 14.7 Hz, CH2), 5.06-5.12 (1 H, dd, J 1.1 Hz, 11.0 Hz, CH2), 
5.59-5.68 (1 H, dd, J 1.0 Hz, 17.6 Hz, CH2), 6.20 (1 H, br, NH), 6.25-6.39 
(1 H, dd, J 11.0 Hz, 17.6 Hz, CH), 7.09-7.48 (9 H, m, Ar-H), 7.61-7.82 (3 
H, m, Ar-H); c(SO  MHz, CDC13) 20.2 (CH3), 42.2 (CH2), 115.3 (CH2), 
125.1 (CH), 126.4 (CH), 126.7 (2 x CH), 127.8 (CH), 128.1 (CH), 128.2 (2 x 
CH), 129.0 (CH), 129.3 (CH), 131.1 (CH), 134.2 (CH), 135.4 (quat.), 136.0 
(quat.), 136.6 (quat.), 138.1 (quat.), 139.5 (quat.), 166.6 (quat.); m/z 
(FAB) 330 (M+1, 12%), 329 (15), 328 (37), 306 (38), 279 (12), 217 (38), 207 
(36), 192 (18), 183 (21), 165 (19), 122 (14), 109 (42), 91 (67), 46 (100); 
vmax(Nujol)/cm" 1635 (CO), 3288 (NH). 
VII. Preparation of N-I2-Alkadienylbenzyllbenzamides 
(i) N-[2(E.E-l',3'-Diphenvlpenta-l'.3'-dien-4'-vl)benzvl1 
benzamide 218 
E,E-2-Bromo-3,5-diphenylpenta-2,4-diene (1.0 g, 3.36 mmol) and 
Pd(0) (0.19 g, 0.22 mmol, 5.6% mol catalyst) were stirred in DME (20 cm 3) 
under dry nitrogen for 20 minutes. Sodium carbonate (0.97 g, 3.36 mmol) 
in water (5.5 cm3) and 2-N-benzoylaminomethylphenylboronic acid (0.95 
g, 3.70 mmol) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (9:1) gave N-[2-(E,E-1',3'- 
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diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide as a yellow solid (1.11 g, 
77%), mp 81-83 0C from ethanol (Found: C, 86.7; H, 6.5; N, 3.3%; (M+1), 
430.2174. C31H27N0 requires C, 86.7; H, 6.3; N, 3.3%; (M+1), 430.2171); 
H(200 MHz, CDC13) 1.92 (3 H, s, CH3), 4.39-4.49 (1 H, dd, J 4.2 Hz, 14.2 
Hz, CH2), 4.85-4.96 (1 H, dd, 6.9 Hz, 14.3 Hz, CL), 5.90-5.98 (1 H, d, J 
16.1 Hz, CH), 6.42 (1 H, br, NH), 6.73-6.81 (1 H, d, J 16.0 Hz, CH), 6.93-
7.68 (19 H, m, Ar-H); 8c(50 MHz, CDC13) 23.4 (CH3), 41.9 (CH2), 126.2 
(CH), 126.7 (CH), 126.9 (CH), 127.3 (CH), 127.7 (CH), 128.0 (CH), 128.2 
(2 x CH), 128.4 (4 x CH), 128.8 (CH), 129.6 (CH), 129.7 (2 x CH), 131.1 
(CH), 131.6 (CH), 133.8 (quat.), 135.4 (quat.), 137.0 (quat.), 137.4 (quat.), 
138.7 (quat.), 138.9 (quat.), 142.5 (quat.), 166.8 (quat.); m/z (FAB) 431 
(M+1, 16%), 430 (32), 429 (17), 338 (18), 315 (19), 308 (49), 291 (40), 279 
(60), 265 (39), 239 (45), 229 (56), 215 (100), 202 (90), 178 (52), 171 (31), 
152 (42), 134 (26); vmax(Nujol)/cm' 1635 (C0), 3336 (NH). 
(ii) N-[2-(E.Z-1',3'-Diphenylpenta-1'3'-dien-4'-yl)benzyll 
benzamide 219 
E,Z-4-Bromo- 1,3-diphenylpenta- 1, 3-diene (0.65 g, 2.17 mmol) and 
Pd(0) (0.12 g, 0.11 mmol, 4.8% mol catalyst) were stirred in DME (10 cm 3) 
under dry nitrogen for 20 minutes. Sodium carbonate (0.62 g, 2.17 mmol) 
in water (3.0 cm 3) and 2-N-benzoylaminomethylphenylboronic acid (0.64 
g, 2.39 mmol) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a yellow solid. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave N-
[2-(E,Z- 1', 3'-diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide as a white 
solid (0.72 g, 77%), mp 116-118 OC from hexane-ethyl acetate (Found: C, 
86.6; H, 6.5; N, 3.0%; (M+1), 428.2001. C31H27N0 requires C, 86.7; H, 
6.3; N, 3.3%; (M+1), 428.2014); H(200 MHz, CDC13) 2.36 (3 H, s, CH3), 
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4.18 (1 H, dd, J 4.4 Hz, 14.9 Hz, CH2), 4.68 (1 H, dd, J 6.8 Hz, 14.3 Hz, 
CL), 5.84 (1 H, br, NH), 6.14 (1 H, d, J 16.0 Hz, CH), 6.99-7.82 (20 H, m, 
CH); 8c(63 MHz, CDC13) 21.7 (CL), 41.1 (CH3), 126.3 (2 x CH), 126.9 
(CH), 127.4 (CH), 127.5 (CH), 128.2 (CH), 128.4 (2 x CH), 128.5 (2 x CH), 
129.6 (CH), 130.6 (2 x CH), 131.3 (CH), 132.6 (CH), 134.1 (quat.), 134.3 
(quat.), 135.7 (quat.), 137.6 (quat.), 139.4 (quat.), 143.4 (quat.), 167.1 
(quat.); m/z (FAB) 431 (M+1, 38%), 430 (100), 428 (14), 339 (14), 322 (14), 
309 (70), 291 (52), 279 (45), 265 (45), 252 (40), 239 (41), 216 (75), 202 (78), 
189 (39), 179 (52), 166 (29), 152 (32), 131 (17); vmax(Nujol)/cm' 1635 
(C=O), 3345 (NH). 
(iii) N-12-(Z,Z-1',3'-Diphenylpenta-1'3'-dien-4'-vl)benzyl1 
benzamide 220 
Z,Z-4-Bromo- 1,3-diphenylpenta- 1, 3-diene (1.20 g, 4.01 mmol) and 
Pd(0) (0.22 g, 0.19 mmol, 4.8% mol catalyst) were stirred in DME (10 cm 3) 
under dry nitrogen for 20 minutes. Sodium carbonate (1.14 g, 4.01 mmol) 
in water (5.6 cm 3) and 2-N-benzoylaminomethylphenylboronic acid (1.18 
g, 4.61 mmol) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (4:1) gave N-[2-(Z,Z-1',3'-
diphenylpenta-1',3'-dien-4'-yl)benzyl]benzamide as a white solid (0.83 g, 
48%), mp 135.5-137.5 0C from hexane-ethyl acetate (Found: C, 86.6; II, 
6.5; N, 3.0%; (M+1), 428.2007. C31II27N0 requires C, 86.7; H, 6.3; N, 
3.3%; (M+1), 428.2014); 611(200 MHz, CDC13) 2.00 (3 H, d, J 1.1 Hz, CH3), 
4.04 (1 H, dd, J 3.7 Hz, 14.5 Hz, CL), 4.64 (1 H, dd, J 7.5 Hz, 14.5 Hz, 
CL), 5.43 (1 H, br, NH), 6.48 (1 II, dd, J 1.1 Hz, 12.1 Hz, CH), 6.65 (1 II, 
d, J 12.1 Hz, CH), 6.94-7.82 (19 H, m, Ar-H); 8c(63 MHz, CDC13) 24.0 
(CH3), 41.0 (CH2), 126.3 (CH), 126.9 (2 x CH), 127.1 (CH), 127.2 (CH), 
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127.3 (CH), 127.5 (2 x CH), 128.0 (2 x CH), 128.1 (2 x CH), 128.2 (2 x CH), 
129.2 (CH), 129.2 (CH), 129.5 (2 x CH), 130.3 (CH), 131.1 (CH), 134.2 
(quat.), 134.3 (quat.), 134.5 (quat.), 134.6 (quat.), 137.3 (quat.), 139.7 
(quat.), 142.8 (quat.), 167.1 (quat.); m/z (FAB) 431 (M+1, 34%), 430 (100), 
429 (28), 339 (10), 309 (70), 291 (51), 279 (38), 265 (44), 252 (39), 239 (39), 
229 (52), 218 (40), 215 (42), 205 (55), 193 (41), 178 (41), 166 (25), 151 (18), 
131 (19); vmax(Nujol)/cm 1 1634 (C0), 3340 (NH). 
jy). N- F2-(Methyl-EE-4'-phenylhexa-2',4'-dienoat-5'-yl)beflzvll 
benzamide 222 
Methyl EE-5-bromo-4-phenylhexa-2, 4-dienoate (1.8 g, 6.4 mmol) 
and Pd(0) (0.32 g, 0.28 mmol, 4.4% mol catalyst) were stirred in DME (30 
cm3) under dry nitrogen for 20 minutes. Sodium carbonate (1.83 g, 6.4 
mmol) in water (10 cm 3) and 2-N-benzoylaminomethylphenylboronic acid 
(1.80 g, 7.04 mmol) were added and the mixture heated at reflux for 20 h. 
The reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown solid. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (4:1) gave N-
[2-(methyl E, E-4'-phenylhexa-2', 4'-dienoat-5'-yl)benzyl]benzamide as a 
yellow solid (2.32 g, 88%), mp 140-142 OC  from pentane DCM* (Found: C, 
78.9; II, 6.4; N, 3.0%; (M+1), 412.1920. C27II25NO3 requires C, 78.9; II, 
6.1; N, 3.4%; (M+1), 412.1913); H(250 MHz, CDC13) 1.93 (3 H, s, CH3), 
3.49 (3 H, s, CH3), 4.45-4.53 (1 H, dd, J 5.0 Hz, 14.4 Hz, CH2), 4.68-4.76 (1 
H, dd, J 5.8 Hz, 14.4 Hz, CH2), 5.19 (1 H, d, J 16.0 Hz, CH), 6.52 (1 H, br, 
NH), 7.71-7.48 (13 H, m, CH), 7.71-7.76 (2 H, m, Ar-H); 8c(63 MHz, 
CDC13) 24.0 (CH3), 41.6 (CH2), 51.1 (CH3), 119.9 (CH), 126.8 (2 x CH), 
127.3 (CH), 128.0 (CH), 128.1 (CH), 128.2 (2 x CH), 128.4 (CH), 128.5 (2 x 
CH), 129.3 (CH), 131.2 (CH), 133.9 (quat.), 134.7 (quat.), 137.4 (quat.), 
137.5 (quat.), 141.3 (quat.), 144.2 (CH), 145.4 (quat.), 166.9 (quat.), 167.5 
IV1 
(quat.); m/z (FAB) 412 (M+1, 38%), 380 (50), 259 (67), 230 (16), 215 (40), 
189 (10), 165 (19), 105 (100), 91 (25), 77 (27); vmax(Nujol)/cm' 1545 
(amide), 1721 (ester), 3312 (amide). 
* isothermal distillation. 
N- F2-(E-5'-Methvl-3'-phenvlhexa-2',4'-dien-2'-vl)benzvll 
benzamide 225 
E- 5-Bromo-2-methyl-5-phenylhexa-2,4-diene (0.65 g, 2.6 mmol) and 
Pd(0) (0.14 g, 0.12 mmol, 4.8% mol catalyst) were stirred in DME (10 cm 3) 
under dry nitrogen for 20 minutes. Sodium carbonate (0.74 g, 2.58 mmol) 
in water (3.5 cm 3) and 2-N-benzoylaminomethylphenylboronic acid (0.76 
g, 2.84 mmol) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a yellow solid. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave N-
[2-(E-5'-methyl- 3'-phenylhexa-2', 4'-dien-2'-yl)benzyl]benzamide as a white 
solid (0.40 g, 41%), mp 131-132 0C from ethyl acetate (Found: C, 85.2; H, 
7.4; N, 3.6%; (1VI+1), 382.2179. C27H27N0 requires C, 85.0; H, 7.1; N, 
3.7%; (M+1), 382.2171); H(200 MHz, CDC13) 0.90 (3 H, s, CH3), 1.42 (3 
H, s, CH3), 1.85 (3 H, s, CH3), 4.33 (1 H, dd, J 4.1 Hz, 14.0 Hz, CH2), 4.71 
(1 H, dd, J 6.5 Hz, 14.0 Hz, CH2), 5.59 (1 H, s, CH), 6.33 (1 H, br, NH), 
6.91-7.67 (14 H, m, CH); 8c(63 MHz, CDC13) 19.5 (CH3), 22.9 (CH3), 27.4 
(CH3), 42.0 (CH2), 125.2 (CH), 126.4 (CH), 126.8 (2 x CH), 127.2 (Cl), 
127.9 (CH), 128.1 (2 x CH), 128.4 (2 x CH), 129.4 (CH), 129.5 (2 x CH), 
131.2 (CH), 134.5 (quat.), 134.7 (quat.), 135.1 (quat.), 135.6 (quat.), 137.4 
(quat.), 141.6 (quat.), 143.8 (quat.), 167.1 (quat.); m/z (FAB) 383 (M+1, 
36%), 382 (100), 381 (44), 366 (12), 338 (11), 276 (24), 261 (63), 245 (62), 
243 (45), 231 (69), 220 (63), 216 (85), 202 (90), 190 (49), 178 (16), 166 (46), 
155 (67), 141 (80), 131 (40); vmax(Nujol)Icm' 1635 (C0), 3316 (NH). 
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NO N-12-(EE-3'-Phenylhexa-2'.4'-dien-2'-yl)benzyll benzamide 226 
2-Bromo-3-phenylhexa-2,4-diene (0.80 g, 3.37 mmol) and Pd(0) 
(0.19 g, 0.17 mmol, 5.0% mol catalyst) were stirred in DME (15 cm 3) 
under dry nitrogen for 20 minutes. 2-N-
Benzoylaminomethylphenylboronic acid (1.00 g, 3.71 mmol) and sodium 
carbonate (0.96 g, 3.37 mmol) in water (4.5 cm 3) were added and the 
mixture heated at reflux for 20 h. The reaction mixture was allowed to 
cool to room temperature and passed through a pad of alumina. The 
DME was removed in vacuo and DCM (50 cm3) was added. The organic 
layer was separated, dried and the solvent removed in vacuo to give a 
brown oil. Dry-flash column chromatography on silica, eluting with 
hexane-ethyl acetate (9:1) gave N- [2-(E,E- 3'-phenylhexa-2', 4'-dien-2'-
yl)benzyl]benzamide as a white solid (0.42 g, 35%), mp 138-140 OC from 
hexane-ethyl acetate (Found: C, 84.9; H, 6.9; N, 3.4%; (M+1), 368.2026. 
C26H25N0 requires C, 85.0; H, 6.9; N, 3.8%; (M+1), 268.2014); 6H(200 
MHz, CDC13) 1.47 (3 H, d, J 6.8 Hz, CH3), 1.81 (3 H, s, CH3), 4.41 (1 H, 
dd, J 4.4 Hz, 14.4 Hz, CH2), 4.78 (1 H, dd, J 6.8 Hz, 14.4 Hz, Cl2), 5.05 (1 
H, q, CH), 5.93 (1 H, d, J 15.7 Hz, CH), 6.42 (1 H, br, NH), 7.10-7.75 (14 
H, m, Ar-H); 8c(63 MHz, CDC13) 18.2 (Cl3), 23.0 (CH3), 42.1 (Cl2), 126.6 
(CI), 126.8 (2 x CH), 127.4 (CI), 128.0 (CH), 128.2 (2 x CH), 128.3 (2 x 
CH), 128.9 (CH), 129.4 (2 x CH), 129.6 (2 x CH), 131.1 (CH), 131.4 (CH), 
133.5 (quat.), 134.3 (quat.), 135.2 (quat.), 138.6 (quat.), 139.6 (quat.), 
143.0 (quat.), 166.9 (quat.); m/z (FAB) 369 (M+1, 67%), 368 (80), 367 (22), 
366 (38), 247 (87), 231 (76), 216 (54), 205 (79), 191 (28), 178 (26), 165 (24), 
155 (43), 141 (53), 134 (100); vmax(Nujol)/cm 1 1633 (C0), 3365 (NH). 
(vii) N[2-(2'(E_2_Phenv1ethenv1)cvclopent-1'-env1)beflZV11 
benzamide 230 
1Bromo-2-(E-2-phenyletheny1)cyclopentene (1.40 g, 5.64 mmol) 
and Pd(0) (0.28 g, 0.25 mmol, 4.4% mol catalyst) were stirred in DME (30 
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cm3) under dry nitrogen for 20 minutes. Sodium carbonate (1.61 g, 5.64 
mmol) in water (9.0 cm 3) and 2-N-benzoylaminomethylphenylboronic acid 
(1.54 g, 6.20 mmol) were added and the mixture heated at reflux for 20 h. 
The reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (4:1) gave N-[2-(2'-(E-2-
phenylethenyl)cyclopent- l'-enyl)benzyi}benzamide as a brown solid (1.65 
g, 93%), mp 132-134 OC from pentaneDCM*  (Found: C, 84.2; H, 6.7; N, 
3.6%; M+1), 380.2020. C27H25N0 requires C, 84.5; H, 71; N, 3.6%; 
(M+1), 380.2014); 611(250 MHz, CDC13) 2.01-2.13 (2 H, m, CH2), 2.75-2.82 
(4 H, m, CH2), 4.61 (2 H, br, CH2), 6.44 (1 H, br, NH), 6.49 (1 H, d, J 16.1 
Hz, CH), 6.66 (1 H, d, J 16.1 Hz, CH), 7.11-7.68 (14 H, m, Ar-H); 5c(63 
MHz, CDC13) 22.3 (CH2), 32.7 (CH2), 39.7 (CH2), 42.1 (CH2), 123.1 (CH), 
126.2 (2 x CH), 126.6 (2 x CH), 127.2 (CH), 127.5 (CH), 127.6 (CH), 128.2 
(2 x CH), 128.4 (2 x CH), 129.2 (CH), 129.3 (CH), 130.3 (CH), 131.1 (CH), 
133.9 (quat.), 136.0 (quat.), 137.1 (quat.), 137.8 (quat.), 138.2 (quat.), 
142.0 (quat.), 166.8 (quat.); m/z (FAB) 381 (M+1, 14%), 380 (58), 379 
(21), 378 (12), 288 (13), 279 (100), 274 (14), 258 (61), 229 (45), 203 (30), 
181 (28), 165 (83), 154 (34), 141 (43); vmax(Nujol)Icm' 1634 (C0), 3337 
(NH). 
* isothermal distillation. 
(viii) N- F2-(2'-(2-Carbomethoxyethenvl)cyclopent-1'-envl)benzyll 
benzamide 231 
Methyl 3-(2-bromocyclopent- 1-enylpropenoate (2.42 g, 10.47 mmol) 
and Pd(0) (0.48 g, 0.42 mmol, 4.0% mol catalyst) were stirred in DME (50 
cm3) under dry nitrogen for 20 minutes. Sodium carbonate (3.00 g, 10.47 
mmol) in water (15 cm 3) and 2-N-benzoylaminomethylphenylboronic acid 
(2.93 g, 11.52 mmol) were added and the mixture heated at reflux for 20 
IM 
h. The reaction mixture was allowed to cool to room temperature and 
passed through a pad of alumina. The DME was removed in vacuo and 
DCM (100 cm 3) was added. The organic layer was separated, dried and 
the solvent removed in vacuo to give a brown oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (4:1) gave N- 
[2-(2'- (2-carbomethoxyethenyl)cyclopent- 1'-enyl)benzyl]benzamide as a 
yellow solid (3.25 g, 86%), mp 117-118 OC from ethanol (Found: C, 76.1; H, 
6.2; N, 3.6%; (M+1), 362.1754. C23H23NO3 requires C, 76.4; H, 6.4; N, 
3.9%; (M+1), 362.1756); 811(250 MHz, CDC13) 1.97-2.09 (2 H, m, CH2), 
2.59-2.65 (2 H, m, CH2), 2.79 (2 H, br, CH2), 3.60 (3 H, s, CH3), 4.46 (2 H, 
br, CH2), 5.71 (1 H. d, J 15.7 Hz, CH), 6.49 (1 H, br, NH), 7.13 (1 H, d, J 
15.7 Hz, CH), 7.04-7.73 (9 H, m, Ar-H); c(63  MHz, CDC13) 22.1 (CL), 
32.2 (CL), 40.2 (CH2), 41.8 (CH2), 51.3 (CL), 118.6 (CH), 126.8 (2 x CH), 
127.6 (CH), 128.1 (CH), 128.2 (2 x CH), 128.9 (CH), 129.0 (CH), 131.2 
(CH), 133.9 (quat.), 135.5 (quat.), 136.5 (quat.), 136.7 (quat.), 138.6 
(quat.), 150.7 (quat.), 166.9 (quat.), 167.5 (quat.); m/z (FAB) 363 (M+1, 
9%), 362 (11), 302 (17), 279 (50), 181 (27), 153 (13), 129 (11), 105 (86), 91 
(23), 77 (46), 60 (38), 46 (98), 30 (100); v max(Nujol)/cm' 1641 (C=C), 1700 
(C=O), 3342 (NH). 
VIII. Preparation of N42-Alkenylbenzy1lbenzamides 
(i) N-[2-(Propen-2'-vl)benzvllbenzamide 294 
2-Bromopropene (1.52 g, 12.0 mmol) and Pd(0) (0.66 g, 0.58 mmol, 
4.8% mol catalyst) were stirred in DME (50 cm 3) under dry nitrogen for 
20 minutes. 2-N-Benzoylaminomethylphenylboronic acid (3.38 g, 13.2 
mmol) and sodium carbonate (3.42 g, 12.0 mmol) in water (16.5 cm 3) were 
added and the mixture heated at reflux for 20 h. The reaction mixture 
was allowed to cool to room temperature and passed through a pad of 
alumina. The DME was removed in vacuo and DCM (100 cm 3) was 
added. The organic layer was separated, dried and the solvent removed 
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in vacuo to give a brown oil. Dry-flash column chromatography on silica, 
eluting with hexane-ethyl acetate (9:1) gave N-[2-ropen-2'-
yl)benzyl]benzamide as a white solid (1.96 g, 65%), mp 92-93 0C from 
ethanol (Found: C, 81.1; N, 6.8; H, 5.5%; (M+1), 252.1391. C17H17N0 
requires C, 81.2; H, 6.8; N, 5.6%; (M+1), 252.1388); H(200 MHz, CDC13) 
2.07 (3 H, dd, J 1.0 Hz, CH3), 4.64 (2 H, d, J 5.5 Hz, CH2), 4.90 (1 H, m, 
CH), 5.24 (1 H, m, CH), 6.57 (1 H, br, NH), 7.14-7.51 (7 H, m, Ar-H), 7.72-
7.79 (2 H, m, Ar-H); 8c(50 MHz, CDC13) 24.8 (CH3), 41.8 (CH2), 115.5 
(CH2), 126.7 (CH), 127.2 (CH), 127.3 (CH), 128.2 (CH), 128.4 (CH), 128.7 
(CH), 131.2 (CH), 134.3 (quat.), 143.5 (quat.), 144.8 (quat.), 167.0 (quat.); 
m/z (FAB) 254 (M+1, 51%), 253 (36), 252 (100), 251 (20), 250 (35), 239 
(46), 207 (17), 202 (14), 179 (17), 165 (23), 163 (40), 146 (72), 141 (20), 131 
(65); vmax(Nujol)/cm' 1636 (C0), 3331 (NH). 
(ii) N-12-(E-1'-Phenylpronen-2'-vDbenzvll benzamide 298a 
2-Bromo-1-phenylpropene (1.70 g, 8.63 mmol) and Pd(0) (0.45 g, 
0.40 mmol, 4.6% mol catalyst) were stirred in DME (35 cm 3) under dry 
nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(2.42 g, 9.49 mmol) and sodium carbonate (2.47 g, 8.63 mmol) in water 
(11.9 cm3) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM 
(100 cm3) was added. The organic layer was separated, dried and the 
solvent removed in vacuo to give a brown oil. Dry-flash column 
chromatography on silica followed by MPLC, eluting with hexane-ethyl 
acetate (9:1) gave a) N- [2- (E- 1'-phenylpropen-2'-yl)benzyl]benzamide as a 
white solid (0.59 g, 21%), mp 147-148 OC  from hexane-ethanol (Found: C, 
84.4; H, 6.5; N, 4.3%; (M+1), 328.1701. C23H21N0 requires C, 84.4; H, 
6.5; N, 4.3%; (M+1), 328.1701); H(250 MHz, CDC13) 2.22 (3 H, d, J 1.4 
Hz, CH3), 4.09 (1 H, dd, J 3.4 Hz, 14.1 Hz, CH2), 4.73 (1 H, dd, J 7.5 Hz, 
14.1 Hz, CH2), 5.74 (1 H, br, NH), 6.57 (1 H, d, J 1.3 Hz, CH), 6.83-7.46 
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(14 H, m, Ar-H); 6c(63  MHz, CDC13) 28.1 (CH3), 41.5 (CH2), 126.6 (CH), 
126.7 (CH), 127.6 (CH), 127.7 (CH), 128.1 (CH), 128.2 (CH), 128.3 (CH), 
130.3 (CH), 131.0 (CH), 133.9 (quat.), 134.0 (quat.), 136.9 (quat.), 137.7 
(quat.), 141.8 (quat.), 166.6 (quat.); m/z (FAB) 331 (M+1, 7%), 330 (64), 
329 (47), 328 (70), 327 (51), 239 (22), 222 (36), 205 (100), 179 (69), 165 
(32), 134 (18), 129 (55), 115 (43); vmax(Nujol)/cm' 1632 (C0), 3317 (NH). 
N- [2-(Z- 1'-Phenylpropen-2'-yl)benzyl]benzamide as a white solid 
(0.28 g, 10%), mp 112-113 OC from hexane-ethanol (Found: C, 84.4; H, 6.5; 
N, 4.3%; (M+1), 328.1701. C23H21N0 requires C, 84.4; H, 6.5; N, 4.3%; 
(M+1), 328.1701); H(250 MHz, CDC13) 2.24 (3 II, d, J 1.5 Hz, CH3), 4.72 
(2 H, d, J 5.5 Hz, CH2), 6.45 (1 H, d, J 1.4 Hz, CH), 6.57 (1 H, br, NH), 
7.24-7.77 (14 H, m, Ar-H); 6c(63  MHz, CDC13) 20.2 (CH3), 41.9 (CH2), 
126.6 (CH), 126.7 (CH), 127.3 (CH), 127.5 (CH), 128.1 (CH), 128.4 (CH), 
128.5 (CH), 128.6 (CH), 128.8 (CH), 129.9 (CH), 134.2 (quat.), 134.5 
(quat.), 137.2 (quat.), 137.8 (quat.), 145.3 (quat.), 167.1 (quat.); m/z 
(FAB) 330 (M+1, 33%), 329 (38), 328 (67), 327 (26), 288 (16), 239 (17), 222 
(26), 205 (100), 191 (42), 179 (50), 165 (26), 152 (20), 141 (16), 131 (28), 
115 (35), 91 (52), 77 (43); vmax(Nujol)/cm' 1632 (C0), 3317 (NH). 
N-[2-Phenylbenzyl]benzamide as a white solid (1.12 g, 40%), mp 
95-96 OC from hexane-ethanol (Found: 288.1377. C20H17NO requires 
(M+1), 288.1388); H(200 MHz, CDC13) 4.62 (2 II, d, J 5.6 Hz, CII2), 6.23 
(1 II, br, NH), 7.25-7.50 (12 H, m, Ar-H); c(50  MHz, CDC13) 41.9 (CL), 
126.7 (CH), 127.2 CH), 127.4 (CH), 127.7 (CH), 128.3 (CH), 128.6 (CH), 
128.8 (CH), 130.1 (CH), 131.2 (CH), 134.2 (quat.), 135.3 (quat.), 140.6 
(quat.), 141.5 (quat.), 166.9 (quat.); m/z (FAB) 289 (M+1, 53%), 288 (M+ 1, 
73), 239 (10), 202 (14), 184 (26), 179 (84), 166 (90), 152 (45), 134 (35), 122 
(62), 115 (48), 91 (30), 77 (100); v max(Nujol)/cm 1 1625 (C0), 3320 (NH). 
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N-12-(3'-Methylbut-2'-envl)benzvll benzamide 304 
2-Bromo-3-methylbut-2-ene (1.59 g, 10.66 mmol) and Pd(0) (0.56 g, 
0.49 mmol, 4.6% mol catalyst) were stirred in DME (40 cm 3) under dry 
nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(3.00 g, 11.73 mmol) and sodium carbonate (3.06 g, 10.66 mmol) in water 
(15 cm3) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM 
(100 cm3) was added. The organic layer was separated, dried and the 
solvent removed in vacuo to give a brown solid. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave N-
[2-(3'-methylbut-2'-enyl)benzyl]benzamide as a white solid (2.10 g, 70%), 
mp 105 0C from hexane-ethanol (Found: C, 81.4; H, 8.0; N, 4.7%; (M+1), 
280.16998. C19H21N0 requires C, 81.7; H, 7.6; N, 5.0%; (M+1), 
280.17014); 6i-i(250 MHz, CDC13) 1.42 (3 H, d, J 1.4 Hz, CH3), 1.80 (3 H, d, 
J 0.4 Hz, CH3), 1.90 (3 H, d, J 0.9 Hz, CH3), 4.51 (2 H, m, CH2), 6.45 (1 H, 
br, NH), 7.01-7.77 (9 H, m, Ar-H); 8c(63 MHz, CDC13) 19.7 (CH3), 20.6 
(CH3), 21.8 (CH3), 41.6 (CH2), 126.5 (CH), 126.7 (2 x CH), 127.5 (CH), 
128.2 (CH), 128.4 (2 x CH), 128.9 (CH), 131.2 (CH), 134.3 (quat.), 134.7 (2 
x quat.), 144.5 (quat.), 167.0 (quat.); ni/z (FAB) 281 (M+1, 45%), 280 
(77), 279 (11), 278 (20), 174 (21), 160 (37), 159 (81), 143 (59), 128 (50), 117 
(53), 115 (33), 105 (100), 91 (60), 77 (52); vmax (Nujol)Icm' 1637 (C0), 
3327 (NH). One quat. carbon obscured by aromatic carbons. 
N- I2-(E-3'-Phenvlbut-2'-envl)benzyll benzamide 308a 
E-2-Bromo-3-phenylbut-2-ene (0.28 g, 1.33 mmol) and Pd(0) (0.074 
g, 0.065 mmol, 4.9% mol catalyst) were stirred in DME (6.0 cm 3) under 
dry nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(0.39 g, 1.46 mmol) and sodium carbonate (0.38 g, 1.33 mmol) in water 
(1.9 cm3) were added and the mixture heated at reflux for 20 h. The 
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reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (9:1) gave N-[2-(E-3'-
phenylbut-2'-enyl)benzyl]benzamide as a white solid (0.45 g, 63%), mp 
141-143 0C from hexane-ethyl acetate (Found: C, 84.8; H, 7.1; N, 4.0%; 
(M+1), 342.1844. C24H23N0 requires C, 84.4; H, 6.8; N, 4.1%; (M+1), 
342.1858); H(200 MHz, CDC13) 2.06 (3 H, s, CH3), 2.13 (3 H, s, CL), 3.93 
(1 H, dd, J 4.0 Hz, 14.6 Hz, CH2), 4.56 (1 H, dd, J 7.3 Hz, 14.3 Hz, CH2), 
5.36 (1 H, br, NH), 7.06-7.54 (14 H, m, Ar-H); c(63 MHz, CDC13) 20.5 
(CL), 22.5 (CH3), 41.1 (CH2), 125.9 (CH), 126.8 (CH), 126.9 (2 x CH), 
127.1 (CH), 127.5 (2 x CH), 128.2 (2 x CH), 128.6 (2 x CH), 128.7 (CH), 
129.8 (CII), 131.2 (CH), 131.4 (quat.), 133.0 (quat.), 134.3 (quat.), 134.4 
(quat.), 143.6 (quat.), 143.8 (quat.), 167.1 (quat.); m/z (FAB) 343 (M+1, 
31%), 342 (100), 341 (12), 236 (23), 220 (64), 216 (18), 202 (60), 189 (29), 
178 (41), 165 (30), 152 (27), 141 (58); vmax(Nujol)/cm' 1635 (C0), 3301 
(NH). 
(v) N-[2-(Z-3'-Phenylbut-2'-enyl)benzvll benzamide 308b 
Z-2-Bromo-3-phenylbut-2-ene (1.02 g, 4.83 mmol) and Pd(0) (0.27 g, 
0.24 mmol, 4.9% mol catalyst) were stirred in DME (20 cm 3) under dry 
nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(1.43 g, 5.31 mmol) and sodium carbonate (1.38 g, 4.83 mmol) in water 
(6.5 cm3) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown oil. Dry-flash column chromatography 
on silica, eluting with hexane-ethyl acetate (9:1) gave N-[2-(Z-3'-
phenylbut-2'-enyl)benzyl]benzamide as a white solid (1.24 g, 78%), mp 
PElil 
125-127 0C from hexane-ethyl acetate (Found: C, 84.6; H, 7.0; N, 4.1%; 
(M+1), 342.1855. C24H23N0 requires C, 84.4; H, 6.8; N, 4.1%; (M+1), 
342.1858); H(200 MHz, CDC13) 1.67 (3 H, s, CR3), 1.78 (3 H, s, CH3), 4.59 
(2 H, dd, J 3.4 Hz, 5.5 Hz, CH2), 6.32 (1 H, br, NH), 6.91-7.72 (14 H, m, 
Ar-H); 6c(63  MHz, CDC13) 22.2 (CH3), 22.4 (CH3), 41.6 (CH2), 126.3 (CH), 
126.7 (2 x CH), 127.0 (CH), 127.8 (CH), 128.0 (2 x CH), 128.1 (2 x CH), 
128.4 (CH), 128.5 (2 x CH), 128.7 (CH), 131.3 (CH), 134.3 (quat.), 134.4 
(quat.), 134.6 (quat.), 143.2 (quat.), 143.6 (quat.), 167.1 (quat.); m/z 
(FAB) 343 (M+1, 36%), 342 (100), 341 (29), 265 (12), 252 (12), 236 (29), 
216 (26), 205 (70), 192 (45), 179 (66), 165 (33), 152 (31), 143 (60), 131 (22); 
vmax(Nujol)/cm' 1636 (C0), 3344 (NH). 
NO N-[2-(2'-Methylpent-2'-en-3'-vl)benzvll benzamide 312 
3-Bromo-2-methylpent-2-ene (0.50 g, 3.07 mmol) and Pd(0) (0.17 g, 
0.15 mmol, 4.9% mol catalyst) were stirred in DME (15 cm 3) under dry 
nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(0.91 g, 3.38 mmol) and sodium carbonate (0.88 g, 3.07 mmol) in water 
(4.2 cm3) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in uacuo to give a red solid. Dry-flash column chromatography 
followed by MPLC on silica, eluting with hexane-ethyl acetate (9:1) gave 
N- [2. (2'..methylpent-2'.en.3'-yl)benzyl]benzamide as a white solid (0.37 g, 
41%), mp 105 °C from hexane-ethyl acetate (Found: C, 81.8; H, 5.2; N, 
4.5%; (M+1), 280.16998. C20H23N0 requires C, 81.9; H, 7.9; N, 4.8%; 
(M+1), 280.17014); H(200 MHz, CDC13) 0.88 (3 H, t, CH3), 1.42 (3 H, s, 
CH3), 1.82 (3 H, s, CH3), 2.10 (1 H, q, CH2), 2.46 (1 H, q, CH2), 4.52 (2 H, 
dd, J 2.9 Hz, 5.5 Hz, CH2), 6.25 (1 H, br, NH), 7.00-7.78 (9 H, m, Ar-H); 
6c(63 MHz, CDC13) 12.6 (CR3), 19.3 (CH3), 22.1 (CH3), 27.1 (CH2), 41.7 
(CH2), 126.7 (2 x CH), 127.2 (CH), 128.1 (CH), 128.5 (2 x CH), 129.8 (CH), 
131.3 (CH), 134.4 (quat.), 134.6 (quat.), 135.2 (quat.), 143.0 (quat.), 167.0 
(quat.); m/z (FAB) 281 (M+1, 45%), 280 (77), 279 (11), 278 (20), 174 (21), 
159 (81), 143 (59), 129 (46), 117 (53), 115 (33), 105 (100), 91 (60), 77 (52); 
vmax(Nujol)/cm 1 1636 (C0), 3340 (NH). 
(vii) N-[2-(1',1'-Diphenylpropen-2'-yl)benzvll benzamide 302 
2-Bromo-1,1-diphenylpropene (0.70 g, 2.56 mmol) and Pd(0) (0.14 
g, 0.12 mmol, 4.7% mol catalyst) were stirred in DME (15 cm 3) under dry 
nitrogen for 20 minutes. 2-N-Benzoylaminomethylphenylboronic acid 
(0.72 g, 2.81 mmol) and sodium carbonate (0.73 g, 2.56 mmol) in water 
(3.5 cm3) were added and the mixture heated at reflux for 20 h. The 
reaction mixture was allowed to cool to room temperature and passed 
through a pad of alumina. The DME was removed in vacuo and DCM (50 
cm3) was added. The organic layer was separated, dried and the solvent 
removed in vacuo to give a brown solid. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) to give 
N[2(1',1'-diphenylpropen-2'-y1)benzyl]benzamide as a white solid (0.56 g, 
54%), mp 144-146 °C from hexane-ethanol (Found: C, 86.4; H, 6.4; N, 
3.3%; (M+1), 404.2001. C29H25N0 requires C, 86.3; H, 6.3; N, 3.5%; 
(M+1), 404.2014); H(250 MHz, CDC13) 2.11 (3 H, s, CH3), 4.15 (1 H, dd, J 
3.6 Hz, 14.4 Hz, CH2), 4.83 (1 H, dd, J 7.6 Hz, 14.4 Hz, Cl2), 5.54 (1 H, 
br, NH), 6.89-7.59 (19 H, m, Ar-H); c(63  MHz, CDC13) 24.6 (CH3), 40.8 
(Cl2), 126.1 (CH), 126.7 (CH), 126.9 (2 x CH), 127.2 (CH), 127.3 (CH), 
127.4 (2 x CH), 128.1 (2 x CI), 128.2 (2 x CI), 129.1 (CH), 129.7 (CI), 
129.8 (2 x CH), 130.2 (2 x CH), 131.2 (CH), 133.9 (quat.), 134.2 (quat.), 
134.5 (quat.), 139.6 (quat.), 141.9 (quat.), 142.4 (quat.), 142.9 (quat.), 
167.1 (quat.); m/z (FAB) 405 (M+1, 72%), 404 (48), 403 (20), 339 (10), 296 
(24), 284 (45), 267 (58), 254 (41), 239 (41), 229 (23), 216 (31), 205 (76), 192 
(48), 178 (42), 167 (54), 152 (22), 141 (15), 122 (73), 103 (29); 
vmax(Nujol)/cm 1 1640 (C0), 3291 (NH). 
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IX. 	Generation and Reaction of Substituted Nitrile 
Ylides derived from N42-Arylbenzy1lbenzimidoyl 
chlorides 
(i) Generation and Reaction of the Nitrile Ylide derived from N-
I2-Phenylbenzyllbenzimidovl chloride 240 
N-[2-Phenylbenzyl]benzamide (0.30 g, 1.04 mmol), dry ether (20 
cm3) and thionyl chloride (5.46 cm3) were heated at reflux under dry 
nitrogen overnight. The solvent was removed in vacuo and the residue 
dried under high vacuum for 2-3 h. Dry THF (20 cm 3) was added and the 
solution cooled to 0 O.  Solid potassium tert-butoxide (0.80 g, 2.08 mmol) 
was added in one portion with rapid stirring under dry nitrogen. The 
mixture was stirred at 0 OC for 2 h, allowed to warm to room temperature 
and stirred for 1 h. Ammonium chloride (25% w/v, 20 cm 3) was added 
and the mixture stirred for 10 minutes. The mixture was extracted with 
DCM (2 x 20 cm3), the combined organic fractions were dried and the 
solvent removed in vacuo to give a yellow foam. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 7-
phenyl-5H-dibenz[c,e]azepine as a white crystalline solid (0.22 g, 80%), 
mp 95-96 0C from cyclohexane (Found: 270.1285. C20H15N requires 
(M+1), 270.1283); H(250 MHz, CDC13) 3.94 (1 H, d, J 10.4 Hz, CH2), 4.89 
(1 H, d, J 10.5 Hz, CH2), 7.25-7.77 (13 H, m, Ar-H); c(63  MHz, CDC13) 
55.2 (CH2), 126.2 (CH), 127.5 (CH), 127.6 (CH), 127.8 (2 x CH), 127.9 
(CH), 128.0 (CH), 128.7 (CH), 129.3 (2 x CH), 129.4 (CH), 129.5 (CH), 
130.3 (CH), 133.9 (quat.), 138.0 (quat.), 140.5 (quat.), 140.7 (quat.), 140.8 
(quat.), 168.3 (quat.); m/z (FAB) 271 (M+1, 46%), 270 (100), 268 (43), 165 
(50), 104 (25), 91 (22); vmax(Nujol)/cm' 1610 (CN). 
..: 
(ii) Generation and Reaction of the Nitrile Ylide derived from N-
[2-Phenylbenzyllbenzimidoyl chloride 240 using alternative bases 
Preparation of Lithium Diisopropylamide 
n-Butyllithium (0.46 cm 3, 2.5 M solution in hexanes) was added 
dropwise at 0 OC to a solution of dnsopropylamide (0.15 g, 1.44 mmol) in 
freshly distilled THF (5 cm 3), under nitrogen. The solution was left to stir 
at room temperature for a further 30 mins. 
Using Lithium Diisopropylamide as Base 
The imidoyl chloride was prepared as in (i) using N-[2-
phenylbenzyl]benzamide (0.3 g, 1.04 mmol), dry ether (20 cm3) and 
thionyl chloride (5.46 cm 3). After drying the imidoyl chloride was 
dissolved in THF (20 cm3) and cooled to -78 OC. Lithium diisopropylamide 
(1.15 mmol) was added dropwise with rapid stirring under dry nitrogen. 
The mixture was stirred at -78 OC for 2 h, allowed to warm to room 
temperature and stirred for a 10 minutes. The usual work-up as in (i) 
and dry-flash column chromatography on silica, eluting with hexane-
ethyl acetate (9:1) gave 7-phenyl-5H-dibenz[c,e]azepine as a white 
crystalline solid (0.14 g, 50%). 
Using Lithium Bis(trimethylsilyl)amide as Base 
The imidoyl chloride was prepared as in (i) using N-[2-
phenylbenzyl]benzamide (0.3 g, 1.04 mmol), dry ether (20 cm3) and 
thionyl chloride (5.46 cm 3). After drying the imidoyl chloride was 
dissolved in THF (20 cm3) and cooled to -78 OC. Lithium 
bis(trimethylsilyl)amide (1.15 cm 3, 1.15 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at -78 OC  for 2 
h, allowed to warm to room temperature and stirred for a 10 minutes. 
The usual work-up as in (i) and dry-flash column chromatography on 
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silica, eluting with hexane-ethyl acetate (9:1) gave 7-phenyl-5H-
dibenz[c,e]azepine as a white crystalline solid (0.18 g, 64%). 
 
The imidoyl chloride was prepared as in (i) using N-[2-
phenylbenzyl]benzamide (0.3 g, 1.04 mmol), dry ether (20 cm3) and 
thionyl chloride (5.46 cm 3). After drying the imidoyl chloride was 
dissolved in THF (20 cm3) and cooled to 0 OC Lithium 
bis(trimethylsilyl)amide (1.15 cm 3, 1.15 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC for 2 
h, allowed to warm to room temperature and stirred for a 10 minutes. 
The usual work-up as in (i) and dry-flash column chromatography on 
silica, eluting with hexane-ethyl acetate (9:1) gave 7-phenyl-5H-
dibenz[c,e]azepine as a white crystalline solid (0.21 g, 75%). 
 
The imidoyl chloride was prepared as in (i) using N-[2-
phenylbenzyl]benzamide (0.3 g, 1.04 mmol), dry ether (20 cm3) and 
thionyl chloride (5.46 cm 3). After drying the imidoyl chloride was 
dissolved in THF (20 cm3) and cooled to 0 OJ Lithium 
bis(trimethylsilyl)amide (1.04 cm 3, 1.04 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC  for 1 
h, allowed to warm to room temperature and stirred for a 10 minutes. 
The usual work-up as in (i) and dry-flash column chromatography on 
silica, eluting with hexane-ethyl acetate (9:1) gave 7-phenyl-5H-
dibenz[c,e]azepine as a white crystalline solid (0.21 g, 75%). 
 
The imidoyl chloride was prepared as in (i) using N-[2-
phenylbenzyl]benzamide (0.3 g, 1.04 mmol), dry ether (20 cm3) and 
thionyl chloride (5.46 cm3). After drying the imidoyl chloride was 
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dissolved in THF (20 cm 3) and cooled to 0 OC. 	Lithium 
bis(trimethylsilyl)amide (2.08 cm 3, 2.08 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC for 1 
h, allowed to warm to room temperature and stirred for a 10 minutes. 
The usual work-up as in (i) and dry-flash column chromatography on 
silica, eluting with hexane-ethyl acetate (9:1) gave 7-phenyl-5H-
dibenz[c,e]azepine as a white crystalline solid (0.21 g, 75%). 
Preparation of Lithium Tetramethylpiperidide 
n-Butyllithium (0.46 cm 3, 2.5 M solution in hexanes) was added 
dropwise at 0 0C to a solution of tetramethylpiperidide (0.20 g, 1.44 
mmol) in freshly distilled THF (5 cm 3), under nitrogen. The solution was 
left to stir at room temperature for a further 30 mins. 
(3) Using Lithium Tetramethylpiperidide as Base 
The imidoyl chloride was prepared as in (i) using N-[2-
phenylbenzyl]benzamide (0.3 g, 1.04 mmol), dry ether (20 cm 3) and 
thionyl chloride (5.46 cm 3). After drying the imidoyl chloride was 
dissolved in THF (20 cm 3) and cooled to -78 OC. Lithium 
tetramethylpiperidide (1.15 mmol) was added dropwise with rapid 
stirring under dry nitrogen. The mixture was stirred at -78 OC for 2 h, 
allowed to warm to room temperature and stirred for a further 10 
minutes. The usual work-up as in (i) and dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 7-
phenyl-5H-dibenz[c,e]azepine as a white crystalline solid (0.18 g, 66%). 
(iii) Generation and Reaction of the Nitrile Ylide derived from N-
I2(2(E2Phenv1ethenvl)phenv1)benzv11benzimid0Y1 chloride 185 
The imidoyl chloride was prepared as in (i) using N-[2-(2-(E-2-
phenylethenyl)phenyl)benzyl]benzamide (0.75 g, 1.93 mmol), dry ether 
(35 cm3) and thionyl chloride (11.2 cm 3). After drying the imidoyl chloride 
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was dissolved in THF (35 cm 3) and cooled to 0 OC.  Solid potassium tert-
butoxide (0.43 g, 3.86 mmol) was added in one portion with rapid stirring 
under dry nitrogen. The mixture was stirred at 0 0C for 30 mm, allowed 
to warm to room temperature and stirred for a further 30 mm. The usual 
work-up as in (i) and dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (4:1) afforded three products. 
11- (E-2-Phenylethenyl)-7-phenyl- 5H-dibenz [c,e] azepine and a 
nitrile ylide dimer which were inseperable as a yellow glassy foam (0.24 
g)*, (Found: 372.1762. C28H21N requires (M+1), 372.1752); 6H(200  MHz, 
CDC13) 3.99 (1 H, d, J 10.2 Hz, CH2), 4.89 (1 H, d, J 10.2 Hz, CH2), 7.10-
7.90 (19 H, m, Ar-H, olefinic CH); 5c(50 MHz, CDC13) 55.0 (CH2), 126.1 
(CH), 126.4 (CH), 126.5 (2 x CH), 127.3 (CH), 127.6 (CH), 127.8 (2 x CH), 
127.9 (CH), 128.1 (CH), 128.6 (2 x CH), 128.8 (CH), 129.3 (2 x CH), 129.4 
(CH), 129.9 (CH), 131.9 (CH), 134.7 (quat.), 136.1 (quat.), 137.3 (quat.), 
139.1 (quat.), 140.6 (quat.), 142.1 (quat.), 168.2 (C=N); m/z (FAB) 373 
(M+1, 82%), 372 (100), 265 (55), 217 (50), 179 (45), 106 (70); 
vmax(Nujol)/cm' 1711 (CN). 
*HPLC analysis showed the cycised product to be 50% of this mxture. 
A nitrile ylide dimer (0.12 g) which resisted recrystallisation 
from any solvent system (Found: 743.3477. C56H43N2 requires 743.3426); 
8H(200 MHz, CDC13) 6.74-8.10 (m, Ar-H, olefinic CH), 9.79 (s, IICN); 
c(SO MHz, CDC13) 122.6-144.4 (quat., CH), 191.9 (HCN); m/z (FAB) 
744 (M+1, 20%), 743 (30), 475 (16), 473 (11), 373 (55), 372 (100), 294 (12), 
280 (18), 265 (34), 252 (33), 226 (24), 204 (20), 194 (17), 178 (78), 115 (40), 
104 (24). 
(1) Addition over 2 hours 
The imidoyl chloride was prepared as in (i) using N-[2-(2-(E-2-
phenylethenyl)phenyl)benzyl]benzamide (0.75 g, 1.93 mmol), dry ether 
(35 cm3) and thionyl chloride (11.2 cm 3). After drying the imidoyl chloride 
was dissolved in THF (20 cm 3) and addded slowly over a period of two 
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hours to a solution of potassium tert-butoxide (0.43 g, 3.86 mmol) in THF 
(20 cm3) at 0 OC, allowed to warm to room temperature and stirred for a 
further 10 minutes. The usual work-up as in (i) and dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (4:1) afforded 
three products. 
1 1-(E-2-Phenylethenyl)- 7-phenyl-5H-dibenz [c,e] azepine and a 
nitrile ylide dimer which were inseperable as a yellow glassy foam (0.13 
g). HPLC analysis showed the mixture to be 62% cycised product and 
38% dimeric product. 
A nitrile ylide dimer (0.09 g) which resisted recrystallisation 
from any solvent system. 
(2) Addition over 6 hours 
The imidoyl chloride was prepared as in (i) using N-[2-(2-(E-2-
phenylethenyl)phenyl)benzyl]benzamide (0.75 g, 1.93 mmol), dry ether 
(35 cm3) and thionyl chloride (11.2 cm 3). After drying the imidoyl chloride 
was dissolved in THF (20 cm3) and addded slowly over a period of 6 hours 
to a solution of potassium tert-butoxide (0.43 g, 3.86 mmol) in THF (20 
cm3) at 0 °C, allowed to warm to room temperature and stirred for a 
further 10 minutes. The usual work-up as in (i) and dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (4:1) afforded 
three products. 
11 -(E-2-Phenylethenyl)-7-phenyl-5H-dibenz [c,e] azepine and a 
nitrile ylide dimer which were inseperable as a yellow glassy foam 
(0.23g). HPLC analysis showed the mixture to be 80% cydised product 
and 20% dimeric product. 
A nitrile ylide dimer (0.03 g) which resisted recrystaffisation 
from any solvent system. 
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(3) Addition over 15 hours 
The imidoyl chloride was prepared as in (i) using N-[2-(2-(E-2-
phenylethenyl)phenyl)benzyl]benzamide (0.75 g, 1.93 mmol), dry ether 
(35 cm3) and thionyl chloride (11.2 cm 3). After drying the imidoyl chloride 
was dissolved in THF (40 cm 3) and addded slowly over a period of 15 
hours to a solution of potassium tert-butoxide (0.43 g, 3.86 mmol) in THF 
(40 cm3) at 0 0C, allowed to warm to room temperature and stirred for a 
further 10 minutes. The usual work-up as in (i) and dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (4:1) afforded 
four products. 
1 1-(E-2-Phenylethenyl)-7-phenyl- 5H-dibenz [c,e] azepine and a 
nitrile ylide dimer which were inseperable as a yellow glassy foam (0.26 
g). HPLC analysis showed the mixture to be 89% cycised product and 
11% dimeric product. 
A nitrile ylide dimer (0.01 g) which resisted recrystallisation 
from any solvent system. 
N- [2(2(E2phenyletheny1)phenyl)benzyl]benzamide (0.09 g, 
12%). 
(iv) Generation and Reaction of the Nitrile Ylide derived from N-
12-(2-Ethenvlphenvl)benzvllbenzimidovl chloride 192 
The imidoyl chloride was prepared as in (i) using N-[2-(2-
ethenylphenyl)benzyl]benzamide (0.5 g, 1.59 mmol), dry ether (30 cm 3) 
and thionyl chloride (9.19 cm 3). After drying the imidoyl chloride was 
dissolved in THF (25 cm3) and cooled to 0 °C. Solid potassium tert-
butoxide (0.36 g, 3.20 mmol) was added in one portion with rapid stirring 
under dry nitrogen. The mixture was stirred at 0 0(3  for 1 h, allowed to 
warm to room temperature and stirred for a further hour. The usual 
work-up as in (i) and dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (4:1) afforded four products. 
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11 -Ethenyl- 7-phenyl-5H-dibenz[c,e] azepine as an impure yellow 
solid which resisted recrystaffisation from any solvent system (0.12 g, 
25%), (Found: 296.1421. C22H17N requires (M+1), 296.1439); H(250 
MHz, CDC13) 3.93 (1 H, d, J 10.2 Hz, CH2), 4.84 (1 H, d, J 10.2 Hz, CH2), 
5.30 (1 H, dd, J 1.3 Hz, 11.0 Hz, CH2), 5.78 (1 H, dd, J 1.3 Hz, 17.0 Hz, 
CH2), 6.80 (1 H, dd, J 11.0 Hz, 17.4 Hz, CH), 7.24-7.78 (12 H, m, Ar-H); 
8c(63 MHz, CDC13) 54.9 (Cl2), 115.3 (CH2), 126.0 (CH), 126.3 (CH), 127.1 
(CH), 127.8 (2 x CH), 128.2 (CH), 129.3 (2 x CH), 129.4 (CH), 130.8 (CH), 
132.0 (CH), 134.5 (quat.), 136.5 (quat.), 137.0 (CH), 138.8 (quat.), 140.5 
(quat.), 141.9 (quat.), 168.3 (quat.); m/z (FAB) 296 (M+1, 83%), 280 (12), 
269 (19), 253 (31), 217 (20), 193 (76), 178 (57), 165 (55), 135 (43), 105 (44). 
A nitrile ylide dimer which resisted recrystallisation from any 
solvent system (0.17 g), (Found: 591.2796. C44II34N2 requires (M+1), 
591.2800); H(200 MHz, CDC13) 5.14 (dd, J 1.0 Hz, 11.0 Hz, CH2), 5.63 
(dd, J 1.0 Hz, 17.5 Hz, CH2), 6.34 (dd, J 11.0 Hz, 17.5 Hz, CH), 6.50-8.07 
(m, Ar-H), 9.75 (s, IICN); m/z (FAB) 591 (M+1, 32%), 431 (38), 411 (17), 
371 (37), 294 (34), 280 (27), 217 (45), 178 (78), 165 (73), 152 (32). 
A nitrile ylide dimer which resisted recrystaffisation from any 
solvent system (0.09 g), (Found: 591.2799. C44H34N2 requires (M+1), 
591.2800); H(250 MHz, CDC13) 4.05 (s, CH2), 4.82-4.98 (m, olefinic CH2), 
5.38-5.47 (m, olefinic CH2), 6.40 (br, olefinic CH), 6.83-7.61 (m, Ar-H); 
c(SO MHz, CDC13) 46.1 (CH2), 114.3 (CII2), 114.6 (CH2), 124.8-134.2 (CH, 
quat.), 134.9 (quat.), 135.6 (quat.), 135.7 (quat.), 138.0 (quat.), 138.5 
(quat.), 147.2 (quat.); m/z (FAB) 591 (M+1, 77%), 507 (11), 431 (18), 411 
(17), 399 (41), 371 (32), 294 (14), 280 (17), 217 (56), 193 (70), 178 (78), 165 
(73), 152 (32), 105 (31). 
N- [2-(2-ethenylphenyl)benzyl]benzamide (0.04 g, 8%). 
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(v) Generation and Reaction of the Nitrile Ylide derived from N-
F2-(2-(2-Carbomethoxvethenvl)phenvl)benzvll benzimidoyl 
chloride 195 
The imidoyl chloride was prepared as in (i) using N-[2-(2-(2-
carbomethoxyethenyl)phenyl)benzyl]benzamide (0.79 g, 2.13 mmol), dry 
ether (35 cm 3) and thionyl chloride (11.18 cm 3). After drying the imidoyl 
chloride was dissolved in THF (40 cm 3) and cooled to -78 °C Lithium 
diisopropylamide (5.5 mmol), prepared as shown on page 188, was added 
in over a two hour period with rapid stirring under dry nitrogen. The 
mixture was stirred at -78 OC for a further 1 h, then warmed to room 
temperature. The usual work-up as in (i) and dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (4:1) gave 3-
methoxycarbonyl-2-phenyl- 3a, 1 ib-dihydro- 3H-dibenzo [e, g] indole as a 
crystalline solid (0.38 g, 50%), mp 199 OC from hexane-ethyl acetate 
(Found: C, 81.7; H, 5.5; N, 3.9%; (M+1), 353.1411. C24H19NO2 requires 
C, 81.6; H, 5.4; N, 4.0%; (M+1), 353.1416); 8H(200 MHz, CDC13) 3.67 (3 
H, s, CH3), 3.72 (1 H, m, CH), 4.41 (1 H, dd, J 3.0 Hz, 12.0 Hz, CH), 4.80 
(1 H, dd, J 3.0 Hz, 12.0 Hz, CH), 7.25-7.48 (8 H, m, Ar-H), 7.76-8.02 (5 H, 
m, Ar-H); c(SO  MHz, CDC13) 52.4 (CH), 52.5 (CH), 55.8 (CH3), 74.4 (CH), 
123.3 (CH), 123.9 (CH), 124.7 (2 x CH), 127.0 (2 x CH), 127.3 (CH), 127.5 
(CH), 127.9 (2 x CH), 128.5 (2 x CH), 130.7 (2 x CH), 133.4 (quat.), 134.1 
(quat.), 134.8 (quat.), 135.4 (quat.), 138.3 (quat.), 172.0 (quat.), 172.5 
(quat.); m/z (FAB) 354 (M+1, 75%), 351 (100), 320 (75), 293 (70), 103 (65), 
72 (100); vmax(Nujol)/cm' 1728 (CO). 
nmr decoupling experiments; irradiation at 6 4.80 collapsed the 
dd at 6 4.41 to a d (J 13.0 Hz). Irradiation at 6 4.41 collapsed the dd at 6 
4.80 to a d (J 13.0 Hz) and the signal at 6 3.67 became more complex. 
Irradiation at 6 3.72 resulted in the signals at 6 4.41 and 6 4.80 becoming 
very complex. 
NO Generation and Reaction of the Nitrile Ylide derived from N-
12-(2-Ethenvl-6-methvlphenvl)benzvll benzimidovl chloride 198 
The imidoyl chloride was prepared as in (i) using N-[2-(2-ethenyl-6-
methylphenyl)benzyl]benzamide (0.30 g, 0.87 mmol), dry ether (25 cm 3) 
and thionyl chloride (4.55 cm 3). After drying the imidoyl chloride was 
dissolved in THF (20 cm 3) and cooled to 0 OC. Solid potassium tert-
butoxide (0.18 g, 1.73 mmol) was added in one portion with rapid stirring 
under dry nitrogen. The mixture was stirred at 0 0C for 1 h, allowed to 
warm to room temperature and stirred for a further 30 minutes. The 
usual work-up as in (i) and dry-flash column chromatography on silica, 
eluting with hexane-ethyl acetate (4:1) afforded two products. 
A nitride ylide dimer which resisted recrystaffisation from any 
solvent system (0.2 g), (Found: 619.3108. C46H38N2 requires 619.3113); 
5H(200 MHz, CDC13) 1.77 (s, CH3), 1.99 (s, CH3), 4.94 (pair dd, CH 
olefinic), 5.43 (pair dd, CH olefinic), 6.05 (pair dd, CH olefinic), 6.98-8.08 
(m, Ar-H), 9.61 (s, CH), 9.62 (s, CH); 6c(50  MHz, CDC13) 20.6 (CH3), 20.7 
(CH3), 114.4 (CH2), 115.5 (CH2), 122.0 (CH), 122.5 (CH), 126.3-137.1 (CH 
and quat.), 141.4 (quat.), 144.0 (quat.), 158.4 (CH), 192.0 (CH); m/z 
(FAB) 619 (IVI+1, 35%), 521 (57), 461 (14), 413 (64), 391 (42), 327 (27), 308 
(19), 294 (22), 279 (56), 205 (71), 193 (100), 133 (85). 
Unidentifiable product (0.05 g). 
(vii) Generation and Reaction of the Nitrile Ylide derived from N-
13-Methyl-2-phenylbenzvllbenzimidovl chloride 205 
The imidoyl chloride was prepared as in (i) using N-[3-methyl-2-
phenylbenzyl]benzamide (0.255 g, 0.80 mmol), dry ether (25 cm 3) and 
thionyl chloride (4.60 cm3). After drying the imidoyl chloride was 
dissolved in THF (15 cm 3) and cooled to 0 °C. Solid potassium tert-
butoxide (0.17 g, 1.60 mmol) was added in one portion with rapid stirring 
under dry nitrogen. The mixture was stirred at 0 OC  for 1 h, allowed to 
warm to room temperature and stirred for a further 30 minutes. The 
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usual work-up as in (i) and dry-flash column chromatography on silica, 
eluting with hexane-ethyl acetate (4:1) afforded two dimeric products. 
A nitrile ylide dimer which resisted recrystallisation from any 
solvent system (0.12 g), (Found: 567.2799. C42H34N2 requires 567.2800); 
H(250 MHz, CDC13) 1.84 (s, CH3), 2.21 (s, CH3), 3.96 (br, CH2), 6.39-7.54 
(m, Ar-H); c(63  MHz, CDC13) 20.2 (CH3), 20.8 (CH3), 45.8 (CH2), 122.7 
(CH), 125.9 (CH), 126.3 (CH), 126.4 (CH), 126.8 (CH), 127.2 (CH), 127.3 
(CH), 127.8 (CH), 128.1 (CH), 128.2 (CH), 128.5 (CH), 128.6 (CH), 129.5 
CH), 130.7 (CH), 131.2 (CH), 134.6 (quat.), 135.5 (quat.), 135.6 (quat.), 
135.8 (quat.), 136.8 (quat.), 138.7 (quat.), 138.8 (quat.), 139.1 (quat.), 
141.5 (quat.), 147.4 (quat.); m/z (FAB) 567 (M±1, 100%), 566 (75), 399 
(41), 387 (75), 265 (16), 204 (19), 192 (24), 178 (73), 165 (16), 115 (37). 
A nitrile ylide dimer which resisted recrystallisation from any 
solvent system (0.05 g), (Found: 567.2797. C42H34N2 requires 567.2800); 
8H(250 MHz, CDC13) 2.02 (s, CH3), 6.38-7.80 (m, CH), 9.70 (s, HC=N); m/z 
(FAB) 567 (M+1, 100%), 566 (60), 397 (25), 385 (20), 265 (36), 205 (15), 
191 (12), 178 (35), 165 (46), 115 (20). 
(viii) Generation and Reaction of the Nitrile Ylide derived from 
N- 3-Methy1-2-(2-etheny1phenyl)benzyl1 benzimidoyl chloride 211 
The imidoyl chloride was prepared by heating N-[3-methyl-2-(2-
ethenylphenyl)benzyl]benzamide (0.3 g, 0.92 mmol), dry ether (30 cm 3) 
and thionyl chloride (5.28 cm 3) at reflux under dry nitrogen for 48 h. 
After drying the imidoyl chloride was dissolved in THF (20 cm 3) and 
cooled to 0 OC. Solid potassium tert-butoxide (0.21 g, 1.87 mmol) was 
added dropwise with rapid stirring under dry nitrogen. The mixture was 
stirred at 0 °C for 1 h, allowed to warm to room temperature and stirred 
for a further 30 minutes. The usual work-up as in (i) and dry-flash 
column chromatography on silica, eluting with hexane-ethyl acetate (9:1) 
afforded two dimeric products. 
A nitrile dimer which resisted recrystallisation from any solvent 
system (0.1 g), (Found: 619.3150. C46H38N2 requires 619.3113); H(250 
MHz, CDC13) 1.92 (s, CH3), 2.04 (s, CH3), 4.98 (dd, J 1.0, 11.0 Hz, CH 
olefinic), 5.09 (dd, J 1.0, 11.0 Hz, CH olefinic), 5.48 (dd, J 0.8, 16.0 Hz, 
CH, olefinic), 5.61 (dd, J 1.1, 16.7 Hz, CH olefinic), 6.07 (m, CH olefinic), 
6.80-7.89 (m, Ar-H), 9.59 (s, HC=N), 9.60 (s, HC=N); 8c(63 MHz, CDC13) 
19.6 (CH3), 19.9 (CH3), 114.7 (CH2), 115.8 (CH2), 123.9-135.3 (CH and 
quat.), 135.9-144.3 (quat.), 159.0 (CH); m/z (FAB) 619 (M+1, 17%), 521 
(55), 413 (100), 385 (23), 311 (21), 279 (17), 239 (22), 221 (54). 
A nitrile ylide dimer which resisted recrystallisation from any 
solvent system (0.06 g), (Found: 619.3093. C46H38N2 requires 619.3113); 
H(250 MHz, CDC13) 1.79 (s,CH3), 2.03 (s, CH3), 4.08 (d, J 5.9 Hz, CH2), 
4.77 (m, CH, olefinic), 5.41 (m, CH, olefinic), 6.40-6.49 (m, CH olefinic), 
6.82-7.60 (m, Ar-H); 8c(63 MHz, CDC13) 19.8 (CH3), 20.5 (CH3), 46.8 
(CH2), 114.1 (CH2), 114.8 (CH2), 122.6-135.5 (CH), 135.6-146.8 (quat.); 
m/z (FAB) 620 (M+2, 70%), 619 (100), 425 (24), 414 (48), 397 (21), 385 
(22), 335 (16), 207 (49), 192 (77), 179 (78), 165 (62), 105 (23). 
X. Generation and Reaction of Substituted Nitrile 
Ylides derived from N-[2-Alkadienylbenzyllbenzimidoyl 
chlorides 
(i) Generation and Reaction of the Nitrile Ylide derived from N-
[2-(E,E-1',3'-Diphenylpenta-1',3'-dien-4'-vl)benzvll benzimidovl 
chloride 232 
N- [2-(E,E- 1', 3'-Diphenylpenta- 1',3'-dien-4'-yl)benzyl]benzamide (0.5 
g, 1.17 mmol), thionyl chloride (5.90 cm 3) and dry ether (40 cm 3) were 
heated at reflux under dry nitrogen for 96 h. The solvent was removed in 
vacuo and the residue dried under high vacuum for 2-3 h. Dry THF (25 
cm3) was added and the solution cooled to 0 OC Lithium 
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bis(trimethylsilyl)amide (1.75 cm 3, 1.75 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 25 cm 3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 20 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) afforded 8-methyl-9,11,13-triphenyl-12- 
azatricyclo [6.3.2.0 2 ' 7]trideca-2(7), 3,5,9, 12-pentaene as a yellow crystalline 
solid (0.31 g, 65%), mp 181-182 °C from hexane-ethyl acetate (Found: C, 
90.6; H, 6.4; N, 3.1%; (M+1), 412.2044. C31H25N requires C, 90.5; H, 6,1; 
N, 3.4%; (M+1), 412.2065); H(250 MHz, CDC13) 1.33 (3 H, s, CH3), 3.90 
(1 H, m, CH), 5.26 (1 H, m, CH), 5.51 (1 H, m, CH), 7.15-7.61 (19 H, m, 
C, 
Ar-H); 6c(63  MHz, CDC13) 21.6 (CH3), 45.6 (quat.), 48.0 (CH), 67.2 (CH), 
120.8 (CH), 125.3 (CH), 126.3 (CH), 126.8 (CH), 127.0 (CH), 127.1 (CH), 
127.8 (CH), 127.9 (CH), 128.2 (CH), 128.4 (CH), 129.3 (CH), 138.9 (quat.), 
139.7 (quat.), 140.6 (quat.), 141.9 (quat.), 144.1 (quat.), 144.3 (quat.), 
181.1 (quat.); m/z (FAB) 414 (M+1, 67%), 413 (75), 412 (100), 362 (18), 
334 (16), 320 (18), 307 (34), 293 (31), 278 (28), 253 (19), 239 (20), 215 (73), 
191 (57), 165 (26), 128 (23), 91 (92); vmax(Nujol)/cm' 1600 (CN). 
(ii) Generation and Reaction of the Nitrile Ylide derived from N-
[2-(E,Z-1'3'-Diphenylpenta-1',3'-dien-4'-vl)benzvll benzimidoyl 
chloride 251 
N- [2-(E,Z- 1', 3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide (0.5 
g, 1.17 mmol), dry ether (40 cm 3) and thionyl chloride (5.80 cm 3) were 
heated at reflux under dry nitrogen for 96 h. The solvent was removed in 
vacuo and the residue dried under high vacuum for 2-3 h. Dry THF (25 
cm3) was added and the solution cooled to 0 OC Lithium 
bis(trimethylsilyl)amide (1.75 cm 3, 1.75 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC for 1 
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h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 25 cm3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 20 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) afforded 7b-methyl-1-endo-phenyl-la-
phenyl- 1- (E-2-phenylethenyl)cyclopropa [c]isoquinoline as a yellow 
crystalline solid (0.32 g, 65%), mp 167-169 OC  from pentaneDCM* 
(Found: C, 90.9; H, 6.5; N, 3.2%; (M+1), 412.2050. C31H25N requires C, 
90.5; H, 6.1; N, 3.4%; (M+1), 412.2065); H(200 MHz, CDC13) 1.80 (3 H, s, 
CH3), 5.59 (1 H, d, J 15.7 Hz, CH), 6.16 (1 H, d, J 15.7 Hz, CH), 6.76-7.62 
(19 H, m, Ar-H), 7.78 (1 H, s, HC=N); c(63  MHz, CDC13) 19.8 (CH3), 37.7 
(quat.), 39.9 (quat.), 65.0 (quat.), 125.6 (CH), 125.7 (CH), 125.8 (2 x CH), 
126.0 (CH), 126.1 (CH), 126.8 (CH), 127.2 (CH), 127.3 (CH), 127.6 (CH), 
128.3 (3 x CH), 128.6 (2 x CH), 131.3 (2 x CH), 131.9 (CH), 132.5 (2 x CH), 
134.3 (quat.), 134.7 (CH), 137.6 (quat.), 139.2 (quat.), 139.4 (quat.), 155.7 
(HCN); m/z (FAB) 413 (M+1, 85%), 412 (89), 307 (41), 292 (11), 220 (62), 
215 (13), 191 (13), 165 (26), 153 (28), 138 (100), 124 (16), 105 (63), - 90 (81); 
vmax(Nujol)/cm 1 1624 (CN). 
* isothermal distillation. 
(iii) Generation and Reaction of the Nitrile Ylide derived from N-
12-(Z.Z-1',3'-Diphenylpenta-1'3'-dien-4'-yl)benzvll benzimidoyl 
chloride 252 
N- [2-(Z,Z- 1',3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide (0.5 
g, 1.17 mmol), dry ether (40 cm 3) and thionyl chloride (5.80 cm 3) were 
heated at reflux under dry nitrogen for 96 h. The solvent was removed in 
vacuo and the residue dried under high vacuum for 2-3 h. Dry THF (25 
cm3) was added and the solution cooled to 0 OC Lithium 
bis(trimethylsilyl)amide (1.75 cm 3, 1.75 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC for 1 
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h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 25 cm3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 20 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) afforded 7b-methyl-1-endo-phenyl-la-
phenyl- 1- (Z-2-phenylethenyl)cyclopropa[c]isoquinoline as a colourless 
crystalline solid (0.34 g, 70%), mp 134-136 OC from pentaneDCM* 
(Found: C, 90.2; H, 6.3; N, 3.3%; (M+1), 412.2085. C31H25N requires C, 
90.5; H, 6.1; N, 3.4%; (M+1), 412.2065); 8H(250 MHz, CDC13) 1.80 (3 H, s, 
CH3), 6.15 (1 H, d, J 12.1 Hz, CH), 6.53-7.81 (20 H, m, Ar-H, olefinic CH), 
7.77 (1 H, s, HC=N); c(63  MHz, CDC13) 21.1 (CR3), 35.3 (quat.), 36.0 
(quat.), 63.6 (quat.), 125.2 (CH), 125.7 (CH), 126.1 (CH), 126.2 (CH), 
126.3 (CH), 126.4 (CH), 126.9 (CH), 127.3 (2 x CH), 127.4 (CH), 128.2 (2 x 
CH), 128.4 (CH), 128.7 (2 x CH), 130.7 (CH), 131.3 (2 x CH), 131.9 (CH), 
132.8 (CH), 133.4 (CH), 135.2 (quat.), 137.2 (quat.), 138.7 (quat.), 155.0 
(HCN); m/z (FAB) 414 (M+1, 17%), 413 (100), 412 (78), 396 (22), 334 
(23), 320 (13), 308 (33), 292 (11), 220 (82), 215 (34), 206 (10), 191 (35), 165 
(26), 138 (54), 115 (26), 105 (69), 91 (43); vmax(Nujol)Icm' 1624 (CN). * 
isothernal distillation. 
(iv) Generation and Reaction of the Nitrile Ylide derived from N-
[2-(E-5'-Methyl-3'-phenylhexa-2'4'-dien-2'-yl)benzvll benzimidoyl 
chloride 280 
Thionyl chloride (0.048 cm 3, 0.65 mmol) was added to N-[2-(E-5'-
methyl- 3'-phenylhexa-2', 4'-dien-2'-yl)benzyl]benzamide (0.2 g, 0.52 mmol) 
in dry DMF (0.6 g, 7.7 mmol) and stirred under a nitrogen atmosphere for 
30 minutes. The solvent was removed in vacuo and the residue dried 
under high vacuum at 30-40 OC for 2-3 h. Dry THF (10 cm 3) was added 
and the solution cooled to 0 OC. Lithium bis(trimethylsilyl)amide (2.08 
cm3, 2.08 mmol) was added dropwise with rapid stirring under dry 
zIi 
nitrogen. The mixture was stirred at 0 0C for 1 h, then allowed to warm 
to room temperature. Ammonium chloride (25% w/v, 15 cm 3) was added 
and the mixture stirred for 10 minutes. The organic layer was separated 
and the aqueous layer extracted with DCM (2 x 10 cm 3). The combined 
organic layers were dried and the solvent removed in vacuo. Dry-flash 
column chromatography on silica, eluting with hexane-ethyl acetate (9:1) 
gave (a) 7b-Methyl- 1-exo-phenyl- la-phenyl- 1- (2'-methylprop -1'-
enyl)cyclopropa[c]isoquinoline as a yellow solid (0.05 g, 20%), which 
decomposes at room temperature, (Found: (M+1), 364.2059. C27H25N 
requires (M+1), 364.2065); 5H(250 MHz, CDC13) 1.25 (3 H, s, CH3), 1.34 
(3 H, s, CH3), 1.57 (3 H, s, CH3), 4.64 (1 H, s, CH), 7.06-7.67 (14 H, m, Ax-
H), 8.25 (1 H, s, HCN); c(63  MHz, CDC13) 19.0 (CH3), 21.2 (CH3), 25.0 
(CH3), 35.5 (quat.), 36.4 (quat.), 62.5 (quat.), 122.7 (CH), 125.6 (CH), 
126.2 (CH), 126.8 (CH), 127.6 (2 x CH), 127.8 (2 x CH), 128.4 (CH), 130.5 
(2 x CH), 131.0 (2 x CH), 131.7 (quat.), 137.5 (quat.), 137.8 (quat.), 139.7 
(quat.), 155.3 (HCN); m/z (FAB) 362 (M+1, 100%), 348 (15), 289 (12), 
260 (32), 245 (17), 215 (21), 178 (22), 143 (65), 117 (29); v max(Nujol)/cm' 
1624 (C=N). (b) Starting material (0.05 g, 20%). 
(v) Generation and Reaction of the Nitrile Ylide derived from N- 
[2-(E,E-3'-Phenylhexa-2'.4'-dien-2'-vl)benzvll benzimidoyl 
chloride 276 
Thionyl chloride (0.053 cm 3, 0.72 mmol) was added to N-[2-(E,E-3'-
phenylhexa-2',4'-dien-2'-yl)benzyl]benzamide (0.2 g, 0.6 mmol) in dry 
DMF (0.72 g, 9.2 mmol) and stirred under a nitrogen atmosphere for 30 
minutes. The solvent was removed in vacuo and the residue dried under 
high vacuum at 30-40 OC for 2-3 h. Dry THF (10 cm 3) was added and the 
solution cooled to 0 OC. Lithium bis(trimethylsilyl)amide (3.52 cm 3, 3.52 
mmol) was added dropwise with rapid stirring under dry nitrogen. The 
mixture was stirred at 0 OC for 1 h, then allowed to warm to room 
temperature. Ammonium chloride (25% w/v, 10 cm 3) was added and the 
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mixture stirred for 10 minutes. The organic layer was separated and the 
aqueous layer extracted with DCM (2 x 10 cm 3). The combined organic 
layers were dried and the solvent removed in vacuo. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) afforded 
8,1 1-dimethyl-9, 13-diphenyl- 12-azatricyclo [6. 3.2.0 2 ' 7]trideca-2(7), 3,5,9,12-
pentaene as a clear crystalline solid (0.11 g, 46%), mp 149-150 OC from 
pentane DCM* (Found: C, 89.0; H, 6.9; N, 3.9%; (M+1), 350.1909. 
C26H23N requires C, 89.3; H, 6.6; N, 4.0%; (M+1), 350.1909); H(250 
MHz, CDCI3) 1.16 (3 H, s, CH3), 1.34 (3 H, t, CH3), 2.57 (1 H, m, CH), 4.91 
(1 H, t, CH), 5.16 (1 H, d, J 1.6 Hz, CH), 6.93-7.39 (14 H, m, Ar-H); 6c(63 
MHz, CDC13) 17.9 (CH3), 21.5 (CH3), 37.0 (CH), 45.1 (quat.), 66.2 (CH), 
120.5 (CH), 125.3 (CH), 126.1 (CH), 126.6 (CH), 126.7 (CH), 127.3 (2 x 
CH), 127.6 (2 x CH), 127.9 (2 x CH), 128.0 (CH), 128.5 (2 x CH), 132.0 
(CH), 139.1 (quat.), 139.6 (quat.), 141.9 (quat.), 142.3 (quat.), 144.0 
(quat.), 181.3 (quat.); m/z (FAB) 350 (M+1, 100%), 246 (77), 231 (19), 215 
(24),; vmax(Nujol)/cm' 1624 (CN). * isothermal distillation. 
NO Generation and Reaction of the Nitrile Ylide derived from 
N42-(Methyl E,E-4'-phenylhexa-2',4'-dienoat-5'-vl)benzvll 
benzimidoyl chloride 272 
N- [2-(Methyl-E, E-4'-phenylhexa-2', 4'-dienoate - 5'-yl)benzyl] 
benzamide (0.5 g, 1.22 mmol), dry ether (6.20 cm 3) and thionyl chloride 
(50 cm3) were heated at reflux under dry nitrogen for 144 h. The solvent 
was removed in vacuo and the residue dried under high vacuum for 2-3 h. 
Dry TIIF (25 cm 3) was added and the solution cooled to 0 OC. Lithium 
bis(trimethylsilyl)amide (1.83 cm 3, 1.83 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 25 cm3) was added and the mixture stirred for 10 minutes. The 
organic layer separated and the aqueous layer extracted with DCM (2 x 
20 cm3). The combined organic layers were dried and the solvent 
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removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (4:1) afforded 11-methoxycarbonyl-8-methyl-
9, 13-diphenyl- 12-azatricyclo[6. 3.2.0 2' 7]trideca-2(7), 3,5,9, 12-pentaene as a 
mixture of diastereoisomers which resisted crystallisation from all 
solvent systems (96 mg, 20%); (Found: (M+1),394.1816. C27H23NO2 
requires (M+1), 394.1810); H(250 MHz, CDC13) 1.18 (s, CH3), 1.21 (s, 
CH3)* ,  3.61 (s, ester CH3), 3.75 (m, CH)*,  3.77 (m, CH), 5.21 (m, CH), 5.32 
(1 H, d, J 1.8 Hz, CH)*,  5.63 (1 H, t, 1.8 Hz, CH)*,  5.73 (m, CH), 6.99-7.68 
(m, Ar-H); 6c(63  MHz, CDC13) 21.4 (CH3), 24.0 (CH3), 44.0 (CH), 45.7 
(CH), 46.0 (quat.), 46.1 (quat.), 52.1 (CH3), 52.4 (CH3), 61.2 (CH), 62.5 
(C}{), 120.7 (CH), 120.9 (CH), 123.6-145.4 (CH and quat.), 170.5 (quat.), 
171.1 (quat.); m/z (FAB) 395 (M+1, 100%), 394 (65), 289 (25), 231 (12), 
226 (11), 220 (34), 215 (27), 176 (21), 165 (25); vmax(Nujol)/cm' 1644 
(C=N), 1735 (C0). * major isomer absorptions. 
(vii) Generation and Reaction of the Nitrile Ylide derived from N-
12-(2'-(E-2-Phenylethenvl)cyclopent-1'-enyl)benzyll benzimidoyl 
chloride 266 
N- [2-(2'- (E-2-Phenylethenyl)cyclopent- 1'-enyl)benzyl]benzamide 
(0.5 g, 1.32 mmol), dry ether (50 cm 3) and thionyl chloride (6.60 cm 3) were 
heated at reflux under dry nitrogen for 24 h. The solvent was removed in 
vacuo and the residue dried under high vacuum for 2-3 h. Dry THF (25 
cm3) was added and the solution cooled to 0 OC. 	Lithium 
bis(trimethylsilyl)amide (1.98 cm 3, 1.98 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC  for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 25 cm 3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 20 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with 	hexane-ethyl 	acetate 	(9:1) 	afforded 	7, 15-diphenyl-16- 
POR 
azatetracyclo[6.6.2.0 1 ' 5 .09"4]hexadeca-5,9(14), 10,12, 15-pentaene 	as 	a 
brown crystaffine solid (0.3 g, 63%), mp 144-146 OC from hexane-ethyl 
acetate (Found: C, 89.7; H, 6.8; N, 3.7%; (M+1), 362.1908. C27H23N 
requires C, 89.7; H, 6.4; N, 3.9%; (M+1), 362.1909); 8H(250 MHz, CDC13) 
1.81-2.62 (6 H, m, CH2), 3.76 (1 H, t, J 2.6 Hz, CH), 5.20 (1 H, t, J 1.6 Hz, 
CH), 5.49 (1 H, dd, J 2.0 Hz, 2.7 Hz, CH), 7.18-7.55 (14 H, m, Ar-H); c(63 
MHz, CDC13) 24.8 (CH2), 33.6 (CH2), 34.5 (CH2), 45.0 (CH), 53.5 (quat.), 
68.6 (CH), 119.3 (CH), 120.2 (CH), 125.5 (CH), 126.0 (CH), 126.5 (CH), 
126.7 (CH), 127.4 (CH), 127.8 (CH), 128.2 (CH), 128.3 (CH), 139.1 (quat.), 
139.4 (quat.), 141.2 (quat.), 142.5 (quat.), 146.8 (quat.), 181.4 (quat.); m/z 
(FAB) 364 M+1, 17%), 363 (38), 362 (100), 258 (24), 229 (12), 215 (17), 
203 (11), 167 (17), 152 (12), 128 (12), 104 (11), 91 (36); vmax(Nujol)/cm' 
1621 (C=N). 
(viii) Generation and Reaction of the Nitrile Ylide derived from 
N-[2-(2'-(2-C arbomethoxyethenvl)cyclopent-1'-envl)benzyll 
benzimidoyl chloride 269 
N- [2-(2'- (2-Carbomethoxyethenyl)cyclopent- 1'-enyl)benzyl] 
benzamide (0.5 g, 1.38 mmol), dry ether (50 cm 3) and thionyl chloride (7.0 
cm3) were heated at reflux under dry nitrogen for 96 h. The solvent was 
removed in vacuo and the residue dried under high vacuum for 2-3 h. 
Dry THF (25 cm 3) was added and the solution cooled to 0 °C. Lithium 
bis(trimethylsilyl)amide (2.08 cm 3, 2.08 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC  for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 25 cm3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 20 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (4:1) afforded 7-methoxycarbonyl- 1 5-phenyl- 16-
azatetracyclo[6.6.2.0" 5 .09 ' 14]hexadeca-5,9(14), 10,12, 15-pentaene 	as 	a 
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mixture of diasteroisomers which were partially separated by MPLC 
eluting with hexane-ethyl acetate (6:1), (0.2 g, 42%). (a) (Found: (M+1), 
344.1648. C23H21NO2 requires (M+1), 344.16501); H(200  MHz, CDC13) 
1.73-2.75 (6 H, m, OHO, 3.57 (1 H, m, CH), 3.64 (3 H, s, 0113), 5.22 (1 H, 
d, J 2.7 Hz, CH), 5.62 (1 H, m, CH), 7.01-7.73 (9 11, m, Ar-H); 8c(63 MHz, 
ODd3) 24.8 (OH2), 33.3 (CH), 34.4 (0112), 42.9 (CH), 52.3 (OH3), 53.8 
(quat.), 63.7 (OH), 114.2 (OH), 120.4 (OH), 126.0 (OH), 126.2 (CH), 127.0 
CH), 127.6 (2 x CH), 127.9 (2 x CH), 128.6 (CH), 137.1 (quat.), 142.3 
(quat.), 147.3 (quat.), 171.8 (quat.); m/z (FAB) 344 (M+1, 76%), 255 (13), 
240 (46), 223 (16), 181 (53), 165 (23), 105 (100); v max(Nujol)/cm' 1625 
(C=N), 1734 (O0). (b) (Found: M+1), 344.1647. C23H21NO2 requires 
(M+1), 344.1651); H(200 MHz, ODC13) 1.71-2.57 (6 H, m, OH2), 3.33 (1 
H, br, OH), 3.78 (3 H, s, OHO, 5.11 (1 H, br, CH), 5.72 (1 H, br, OH), 7.15-
7.43 (9 H, m, Ar-H); c(63 MHz, CDO13) 24.9 (0112), 33.4 (OH2), 34.5 
(OH2), 41.3 (OH), 52.0 (0113), 54.2 (quat.), 62.8 (CH), 114.0 (CH), 120.2 
(OH), 126.0 (OH), 126.8 (OH), 126.9 (OH), 127.3 (2 x OH), 128.0 (2 x OH), 
128.2 (OH), 128.4 (OH), 137.1 (quat.), 143.6 (quat.), 146.7 (quat.), 171.4 
(quat.); m/z (FAB) 344 (M+1, 82%), 343 (38), 255 (13), 240 (67), 223 (15), 
181 (73), 165 (30), 105 (100); v max(Nujol)/cm 1 1625 (O=N), 1731 (0=0). 
(ix) Attempted Generation and Reaction of the Nitrile Ylide 
derived from N-12-(E,E-1'.3'-Diphenvlpenta-1',3'-dien-4'-
yl)benzyllbenzimidovl chloride 232 
(1) Attempted Generation of N-12-(E,E-1, 3'-D iphenylpen ta-i', 3'-
dien-4'-yl) benzyljbenzimidoyl chloride 232 
N- [2- (E,E- 1', 3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide 
(0.05 g, 0.116 mmol), dry ether (5.0 cm 3) and thionyl chloride (0.67 cm 3) 
were heated at reflux under dry nitrogen for 24 h. The solvent was 
removed in vacuo and the residue dried under high vacuum for 2-3 h. 
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Attempted Generation of N-f2-(E,E-1',3'-Diphenylpenta-1',3'-
dien-4'-yl)benzyljbenzimidoyl chloride 232 
N- [2-(E,E- 1', 3'-Diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide 
(0.05 g, 0.116 mmol), dry ether (5.0 cm3) and thionyl chloride (28 mg, 0.13 
mmol) were heated at reflux under dry nitrogen for 24 h. The solvent 
was removed in vacuo and the residue dried under high vacuum for 2-3 h. 
Attempted Generation and Reaction of the Nitrile Ylide 
derived 	from 	N-f2-(EE-1', 3'-D iphenylpen ta-i', 3'-dien-4'- 
yl) benzyljbenzimidoyl chloride 232 
Thionyl chloride (0.013 cm 3, 0.174 mmol) was added to N-[2-(E,E-
1', 3'-diphenylpenta- 1',3'-dien-4'-yl)benzyl]benzamide (0.05 g, 0.116 mmol) 
in dry d7DMF (0.5 cm3) under a nitrogen atmosphere. The reaction was 
monitored by 'H nmr spectroscopy and formation of the imidoyl chloride 
was found to be complete after 30 minutes. The solvent was removed in 
vacuo and the residue dried under high vacuum at 30-40 OC  for 2-3 h. 
Dry THF (5 cm3) was added and the solution cooled to 0 OC. Solid 
potassium tert-butoxide (0.04 g, 0.348 mmol) was added with rapid 
stirring under dry nitrogen. The mixture was stirred at 0 OC for 1 h, then 
allowed to warm to room temperature. Ammonium chloride (25% w/v, 5 
cm3) was added and the mixture stirred for 10 minutes. The organic 
layer was separated and the aqueous layer extracted with DCM (2 x 5 
cm3). The combined organic layers were dried and the solvent removed in 
vacuo to yield only starting material. 
Attempted Generation and Reaction of the Nitrile Ylide 
derived 	from 	N-12-(E,E-1' 3'-D iphenylpen ta-i' 3'-dien-4'- 
yl)benzylJbenzimidoyl chloride 232 
Thionyl chloride (0.013 cm 3, 0.174 mmol) was added to N-[2-(E,E-
1',3'-diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide (0.05 g, 0.116 mmol) 
in dry d7DMF (0.5 cm3) under a nitrogen atmosphere. The reaction was 
monitored by 'H nmr spectroscopy and formation of the imidoyl chloride 
was found to be complete after 30 minutes. Dry THF (10 cm 3) was added 
and the solution cooled to 0 OC. Solid potassium tert-butoxide (0.50 g, 
0.464 mmol) was added with rapid stirring under dry nitrogen. The 
mixture was stirred at 0 OC for 1 h, then allowed to warm to room 
temperature. Ammonium chloride (25% w/v, 5 cm 3) was added and the 
mixture stirred for 10 minutes. The organic layer was separated and the 
aqueous layer extracted with DCM (2 x 5 cm 3). The combined organic 
layers were dried and the solvent removed in vacuo to yield only starting 
material. 
(5) Attempted Generation and Reaction of the Nitrite Ylide 
derived from N-12-(E,E-1' 3'-D iphenylpenta-1', 3'-dien-4'-
yl)benzyljbenzimidoyl chloride 232 
Thionyl chloride (0.013 cm 3, 0.174 mmol) was added to N-[2-(E,E-
1', 3'-diphenylpenta- 1', 3'-dien-4'-yl)benzyl]benzamide (0.05 g, 0.116 mmol) 
in dry d7DMF (0.5 cm 3) under a nitrogen atmosphere. Formation of the 
imidoyl chloride was complete after 30 minutes. The solvent was 
removed in vacuo and the residue dried under high vacuum at 30-40 OC 
for 2-3 h. Dry THF (10 cm 3) was added and the solution cooled to 0 0C. 
Lithium diisopropylamide (0.348 mmol), prepared as shown on page 188, 
was added with rapid stirring under dry nitrogen. The mixture was 
stirred at 0 OC for 1 h, then allowed to warm to room temperature. 
Ammonium chloride (25% w/v, 5 cm 3) was added and the mixture stirred 
for 10 minutes. The organic layer was separated and the aqueous layer 
extracted with DCM (2 x 5 cm 3). The combined organic layers were dried 
and the solvent removed in vacuo to yield only starting material. 
'H Nmr spectrum of N- [2-(E,E- 1', 3'-diphenylpenta- 1', 3'-dien-4'-
yl)benzyl]benzimidoyl chloride; 8H(200 MHz, d7DMF) 1.82 (3 H, s, CH3), 
4.90 (2 H, s, CH2), 5.78 (1 H, d, J 16.1 Hz, CH), 6.70 (1 H, d, J 16.1 Hz, 
CH), 6.94-8.01 (19 H, m, Ar-H). 
pII1] 
'H Nmr spectrum of N- [2-(E,E- 1', 3'-diphenylpenta- 1', 3'-dien-4'-
yl)benzyl]benzamide; H(200 MHz, d7DMF) 1.95 (3 H, s, Cl3), 4.71 (2 H, 
m, CH2), 5.91 (1 H, d, J 16.0 Hz, CH), 6.70 (1 H, d, J 16.1 Hz, CH), 6.94-
8.01 (19 H, m, Ar-H), 8.96 (1 H, br, NH). 
M. Generation and Reaction of Substituted Nitrile 
Ylides derived from N42-Alkenylbenzy1lbenzimidoyl 
chlorides 
(i) Generation and Reaction of the Nitrile Ylide derived from N-
[2-(Propen-2'-yl)benzyllbenzimidoyl chloride 313 
N-[2-(Propen-2'-yl)benzyl]benzamide (0.5 g, 1.99 mmol), dry ether 
(40 cm3) and phosphorus pentachioride (0.54 g, 2.2 mmol) were heated at 
reflux under dry nitrogen for 24 h. The solvent was removed in vacuo 
and the residue dried under high vacuum at 30-40 OC for 2-3 h. Dry THF 
(30 cm3) was added and the solution cooled to 0 OC Lithium 
bis(trimethylsilyl)amide (2.99 cm 3, 2.99 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 °C for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 30 cm 3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 30 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) afforded 7b-methyl- la-phenyl- 1H-
cyclopropa[c]isoquinoline as a yellow oil (0.35 g, 75%), (Found: (M+1), 
234.1279. C17H15N requires (M+1), 234.1283); H(250 MHz, CDC13) 0.18 
(1 H, d, J 5.1 Hz, Cl2), 1.29 (3 H, s, Cl3), 2.51 (1 H, d, J 5.1 Hz, Cl2), 
7.25-7.63 (9 H, m, Ar-H), 8.29 (1 H, s, HCN); 5c(63 MHz, CDC13) 19.0 
(CH3), 24.6 (CH2), 31.0 (quat.), 57.4 (quat.), 123.5 (quat.), 124.7 (CI), 
125.5 (CI), 127.0 (OH), 128.1 (2 x CI),  129.1 (2 x CI), 129.5 (CI),  131.2 
210 
(CH), 140.2 (quat.), 140.6 (quat.), 153.8 (CH); m/z (FAB) 235 (M+1, 73%), 
234 (84), 233 (75), 219 (70), 205 (37), 180 (22), 167 (22), 156 (33), 141 (23), 
128 (92), 116 (35), 105 (49), 91 (100); v max(Nujol)/cm' 1615 (C=N). 
(ii) Generation and Reaction of the Nitrile Ylide derived from N-
F2-(E-1'-Phenylpropen-2'-yl)benzvllbenzimidovl chloride 317 
N- [2-(E- 1'-Phenylpropen-2'-yl)benzyl]benzamide (0.24 g, 0.31 
mmol), dry ether (12 cm 3) and phosphorus pentachioride (0.20 g, 0.34 
mmol) were heated at reflux under dry nitrogen for 24 h. The solvent 
was removed in vacuo and the residue dried under high vacuum at 30-40 
OC for 2-3 h. Dry THF (12 cm 3) was added and the solution cooled to 0 0C. 
Lithium bis(trimethylsilyl)amide (1.10 cm 3, 1.10 mmol) was added 
dropwise with rapid stirring under dry nitrogen. The mixture was stirred 
at 0 OC for 1 h, then allowed to warm to room temperature. Ammonium 
chloride (25% w/v, 15 cm 3) was added and the mixture stirred for 10 
minutes. The organic layer was separated and the aqueous layer 
extracted with DCM (2 x 15 cm 3). The combined organic layers were 
dried and the solvent removed in vacuo. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) afforded 
7b-methyl- 1 -exo-phenyl- la-phenyl- 1H-cycloprop a [c] isoquinoline as a 
white crystalline solid (0.15 g, 66%), mp 156-158 °C from pentaneDCM* 
(Found: C, 89.4; H, 6.2; N, 4.2%; (M+1), 310.1591. C23H19N requires C, 
89.3; H, 6.2; N, 4.5%; (M+1), 310.1596); H(250 MHz, CDC13) 1.54 (3 H, s, 
Cl3), 3.30 (1 H, s, CH), 6.76-7.76 (14 H, m, Ar-H), 8.07 (1 H, d, J 0.7 Hz, 
HCN); c(63  MHz, CDC13) 21.1 (CH3), 30.3 (CH, C-i), 34.6 (quat., C-7b), 
61.2 (quat., C-la), 125.6 (CH), 125.7 (CH), 125.9 (CH), 127.2 (CH), 128.2 
(CH), 129.2 (CH), 131.2 (CH), 132.0 (CH), 132.8 (quat.), 136.9 (quat.), 
141.8 (quat.), 155.2 (HCN); m/z (FAB) 310 (M+1, 67%), 309 (100), 308 
(68), 304 (17), 296 (60), 279 (24), 265 (28), 252 (36), 230 (39), 220 (76), 216 
(62), 205 (51), 193 (21), 178 (61), 165 (45), 152 (28), 139 (24); 
vmax(Nujol)Icm' 1600 (CN). 
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* isothermal distillation. 
(iii) Generation and Reaction of the Nitrile Ylide derived from N-
12-(3'-Methvlbut-2'-envl)benzvll benzimidovl chloride 322 
N- [2- (3'-Methylbut-2'-enyl)benzyl]benzamide (0.75 g, 2.68 mmol), 
dry ether (75 cm 3) and phosphorus pentachioride (0.75 g, 3.59 mmol) were 
heated at reflux under dry nitrogen for 60 h. The solvent was removed in 
vacuo and the residue dried under high vacuum at 30-40 OC  for 2-3 h. Dry 
THF (40 cm3) was added and the solution cooled to 0 OC Lithium 
bis(trimethylsilyl)amide (4.04 cm 3, 4.04 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 OC  for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
wlv, 40 cm3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 25 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) afforded 1,la,7b-trimethyl-la-
phenylcyclopropa[c]isoquinoline as a white crystalline solid (0.53 g, 75%), 
mp 143-144 OC from hexane-ethanol (Found: C, 87.5; H, 7.5; N, 5.1%; 
(M+1), 261.1515. C19H19N requires C, 87.3; H, 7.3; N, 5.4%; (M+1), 
261.1518); 8H(250 MHz, CDC13) 0.69 (3 H, s, CH3), 1.35 (3 H, s, CH3), 1.49 
(3 H, s, CH3), 7.25-7.55 (9 H, m, Ar-H), 8.30 (1 H, s, HCN); c(63  MHz, 
CDC13) 15.7 (CH3), 18.8 (CH3), 18.9 (quat.), 20.1 (CH3), 31.9 (quat.), 62.4 
(quat.), 125.5 (CH), 125.6 (CH), 126.1 (CH), 126.8 (CH), 128.1 (CH), 128.3 
(2 x CH), 130.8 (2 x CH), 131.2 (CH), 139.1 (quat.), 140.6 (quat.), 154.5 
(quat.); m/z (El) 261 (M, 27%), 260 (100), 158 (33), 143 (80), 141 (12), 
128 (34), 115 (20), 103 (11); vmax(Nujol)/cm' 1618 (CN). 
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Generation and Reaction of the Nitrile Ylide derived from N-
[2-(Z-3'-Phenylbut-2'-enyl)benzyll benzimidovl chloride 332 
N- [2- (Z-3'-Phenylbut-2'-enyl)benzyl]benzamide (0.5 g, 1.50 mmol), 
dry ether (25 cm 3) and phosphorus pentachioride (0.43 g, 2.0 mmol) were 
heated at reflux under dry nitrogen for 60 h. The solvent was removed in 
vacuo and the residue dried under high vacuum at 30-40 0C for 2-3 h. 
Dry THF (25 cm3) was added and the solution cooled to 0 °C. Solid 
potassium tert-butoxide (0.34 g, 3.0 mmol) was added with rapid stirring 
under dry nitrogen. The mixture was stirred at 0 OC for 1 h, then allowed 
to warm to room temperature. Ammonium chloride (25% w/v, 25 cm 3) 
was added and the mixture stirred for 10 minutes. The organic layer 
separated and the aqueous layer extracted with DCM (2 x 25 cm 3). The 
combined organic layers were dried and the solvent removed in vacuo. 
Dry-flash column chromatography on silica, eluting with hexane-ethyl 
acetate (9:1) afforded 1, 7b-dimethyl- 1 -endo-phenyl- la-
phenylcyclopropa[c]isoquinoline as a white oil (0.35 g, 72%), (Found: 
(M+1), 324.1763. C24H21N requires (M+1), 324.1752); H(200 MHz, 
CDC13) 1.01 (3 H, s, CH3), 1.58 (3 H, s, CH3), 7.13-7.75 (14 H, m, Ar-H), 
8.47 (1 H, s, HCN); c(63  MHz, CDC13) 20.8 (Cl3), 22.6 (CH3), 28.8 
(quat.), 32.8 (quat.), 61.9 (quat.), 125.9 (CH), 126.3 (CH), 126.4 (CH), 
126.5 (CH), 127.3 (quat.), 127.6 (2 x CH), 127.9 (2 x CH), 128.6 (CH), 
130.5 (2 x CH), 131.0 (2 x CH), 132.0 (CH), 138.3 (quat.), 140.7 (quat.), 
141.4 (quat.), 156.0 (HCN); m/z (FAB) 324 (M+1, 100%), 323 (36), 220 
(39), 205 (10), 153 (21); vmax(Nujol)/cm 1 1625 (CN). 
Generation and Reaction of the Nitrile Ylide derived from N-
[2-(E-3'-Phenvlbut-2'-envl)benzvllbenzimidovl chloride 328 
N-[2-(E-3'-Phenylbut-2'-enyl)benzyl]benzamide (0.20 g, 0.59 mmol), 
dry ether (10 cm 3) and phosphorus pentachloride (0.17 g, 1.37 mmol) were 
heated at reflux under dry nitrogen for 60 h. The solvent was removed in 
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vacuo and the residue dried under high vacuum at 30-40 OC  for 2-3 h. 
Dry THF (10 cm 3) was added and the solution cooled to 0 OC. Lithium 
bis(trimethylsilyl)amide (2.36 cm 3, 2.36 mmol) was added dropwise with 
rapid stirring under dry nitrogen. The mixture was stirred at 0 °C for 1 
h, then allowed to warm to room temperature. Ammonium chloride (25% 
w/v, 10 cm3) was added and the mixture stirred for 10 minutes. The 
organic layer was separated and the aqueous layer extracted with DCM 
(2 x 10 cm3). The combined organic layers were dried and the solvent 
removed in vacuo. Dry-flash column chromatography on silica, eluting 
with hexane-ethyl acetate (9:1) afforded 1, 7b-dimethyl- 1 -exo-phenyl- la-
phenylcyclopropa[c]isoquinoline as a white solid (0.13 g, 70%), mp 179-
181 OC from pentane DCM* (Found: C, 88.9; H, 6.4; N, 4.0%; (M+1), 
324.1752. C24H21N requires C, 89.1; H, 6.5; N, 4.3%; (M+1), 324.1752); 
H(200 MHz, CDC13) 1.49 (3 H, s, CH3), 1.68 (3 H, s, CH3), 7.03-7.64 (14 
H, m, Ar-H), 7.75 (1 H, s, HCN); 8c(63 MHz, CDC13) 18.9 (CH3), 23.4 
(CH3), 33.5 (quat.), 34.3 (quat.), 62.7 (quat.), 125.2 (CH), 125.4 (2 x CH), 
127.0 (CH), 127.1 (2 x CH), 128.0 (CH), 128.4 (2 x CH), 131.0 (2 x CH), 
131.2 (CH), 131.5 (quat.), 139.3 (quat.), 139.9 (quat.), 140.6 (quat.), 154.6 
(HCN); m/z (FAB) 324 (M+1, 100%), 323 (52), 220 (54), 205 (15); 
vmax(Nujol)/cm -1  1623 (CN). * isothermal distillation. 
(vi) Generation and Reaction of the Nitrile Ylide derived from N-
[2-(2'-Methylpent-2'-en-3'-yl)benzyll benzimidoyl chloride 336 
Thionyl chloride (0.06 cm3, 0.81 mmol) was added to N-[2-(2'-
methylpent-2'-en-3'-yl)benzyl]benzamide (0.2 g, 0.68 mmol) in dry DMF 
(0.8 g, 10.2 mmol) and stirred under a nitrogen atmosphere for 30 
minutes. The solvent was removed in vacuo and the residue dried under 
high vacuum at 30-40 OC for 2-3 h. Dry THF (15 cm 3) was added and the 
solution cooled to 0 OC. Lithium bis(trimethylsilyl)amide (2.72 cm 3, 2.72 
mmol) was added dropwise with rapid stirring under dry nitrogen. The 
mixture was stirred at 0 OC for 1 h, then allowed to warm to room 
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temperature. Ammonium chloride (25% w/v, 15 cm 3) was added and the 
mixture stirred for 10 minutes. The organic layer was separated and the 
aqueous layer extracted with DCM (2 x 15 cm 3). The combined organic 
layers were dried and the solvent removed in vacuo. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) afforded 
7b-ethyl- 1,1 -dimethyl- la-phenylcyclopropa [c]isoquinoline as a yellow oil 
(0.15 g, 80%), (Found: (M+1), 276.1761. C20H21N requires (M+1), 
276.1752); H(200 MHz, CDC13) 0.59 (3 H, s, CH3), 1.00 (3 H, t, CH3), 1.34 
(3 H, s, CH3), 1.44 (1 H, q, CH2), 2.09 (1 H, q, CH2), 7.18-7.41 (9 H, m, Ar-
H), 8.21 (1 H, s, HC=N); c(63  MHz, CDC13) 12.4 (CH3), 16.5 (CH3), 19.1 
(quat.), 20.3 (CH), 23.1 (CH2), 37.1 (quat.), 62.6 (quat.), 125.6 (CH), 126.5 
(quat.), 127.0 (CH), 127.4 (CH), 128.3 (2 x CH), 128.6 (CH), 130.7 (2 x 
CH), 130.9 (CH), 137.2 (quat.), 140.8 (quat.), 154.8 (HCN); m/z (FAB) 
277 (M+1, 73%), 276 (62), 275 (100), 260 (21), 246 (86), 234 (87), 218 (27), 
204 (20), 172 (82), 157 (61), 143 (72), 105 (35); vmax(Nujol)/cm' 1626 
(C=N). 
(vii) Generation and Reaction of the Nitrile Ylide darived from N-
[2-(1',1'-Diphenylpropen-2'-yl)benzyll benzimidoyl chloride 340 
Thionyl chloride (0.034 cm 3, 0.46 mmol) was added to N-[2-(1',l'-
diphenylpropen-2'-yl)benzyl]benzamide (0.15 g, 0.39 mmol) in dry DMF 
(0.46 g, 5.89 mmol) and stirred under a nitrogen atmosphere for 30 
minutes. The solvent was removed in vacuo and the residue dried under 
high vacuum at 30-40 OC for 2-3 h. Dry THF (15 cm 3) was added and the 
solution cooled to 0 °C. Potassium tert-butoxide (0.26 g, 2.34 mmol) was 
added in one portion. The mixture was stirred at 0 0C for 1 h, then 
allowed to warm to room temperature. Ammonium chloride (25% wlv, 15 
cm3) was added and the mixture stirred for 10 minutes. The organic 
layer was separated and the aqueous layer extracted with DCM (2 x 15 
cm3). The combined organic layers were dried and the solvent removed in 
vacuo. Dry-flash column chromatography on silica, eluting with hexane- 
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ethyl 	acetate 	(9:1) 	afforded 	7b-methyl-1, 1, la- 
triphenylcyclopropa[c]isoquinoline as a yellow solid (0.10 g, 67%), mp 
178-180 0C from pentane DCM* (Found: C, 90.2; H, 6.2; N, 3.3%; (M+1), 
386.1935. C29H23N requires C, 90.4; H, 6.0; N, 3.6%; (M+1), 386.1909); 
H(200 MHz, CDC13) 1.76 (3 H, s, CH3), 6.77-7.80 (19 H, m, Ar-H), 7.83 (1 
H, s, HC=N); c(63  MHz, CDC13) 22.3 (CH3), 35.4 (quat.), 42.9 (quat.), 
62.6 (quat.), 125.1 (CH), 125.8 (CH), 125.9 (CH), 126.1 (CH), 126.6 (CH), 
127.7 (2 x CH), 127.9 (2 x CH), 128.3 (CH), 130.8 (2 x CH), 131.1 (2 x CH), 
131.7 (CH), 138.4 (quat.), 140.0 (quat.), 140.1 (quat.), 140.4 (quat.), 155.8 
(HCN); m/z (FAB) 386 (M+1, 99%), 385 (M+1, 100), 369 (20), 282 (44), 
268 (20), 239 (15), 220 (36), 205 (20), 178 (32), 165 (82), 115 (10), 93 (16); 
vmax(Film)/cm- ' 1625 (C=N). * isothermal distillation. 
Attempted Generation of N-f2-(1', 1 '-D iphenyip ropen-2'- 
yl)benzylJbenzimidoyl chloride 340 
N- [2-(1', 1'-Diphenylpropen-2'-yl)benzyl]benzamide (0.1 g, 0.25 
mmol), dry ether (10 cm 3) and phosphorus pentachioride (68 mg, 0.32 
mmol) were heated at reflux under dry nitrogen for 48 h. The solvent 
was removed in vacuo and the residue dried under high vacuum for 2-3 h. 
The 1H nmr spectrum showed the presence of starting material and no 
imidoyl chloride. 
Attempted Generation of N-12-(1, 1'-D iphenylpropen-2'-
yl)benzylJbenzimidoyl chloride 340 
N- [2-(1', 1'-Diphenylpropen-2'-yl)benzyl]benzamide (0.1 g, 0.25 
mmol), dry ether (10 cm 3) and phosphorus pentachioride (68 mg, 0.32 
mmol) were heated at reflux under dry nitrogen for 168 h. The solvent 
was removed in vacuo and the residue dried under high vacuum for 2-3 h. 
The 1II nmr spectrum showed the presence of starting material and no 
imidoyl chloride. 
Attempted Generation of N-12-(1', 1'-Diphenylpropen-2'-
yl) benzylJbenzimidoyl  chloride 340 
N- [2-(1', 1'-Diphenylpropen-2'-yl)benzyl]benzamide (0.05 g, 0.116 
mmol), dry ether (5 cm 3), dry THF (5 cm 3) and phosphorus pentachioride 
(28 mg, 0.13 mmol) were heated at reflux under dry nitrogen for 48 h. 
The solvent was removed in vacuo and the residue dried under high 
vacuum for 2-3 h. The 1H nmr spectrum showed the presence of starting 
material and no imidoyl chloride. 
Attempted Generation of N-12-(1' 1'-Diphenylpropen-2'-
yl) benzyljbenzimidoyl chloride 340 
N- [2-(1', 1'-Diphenylpropen-2'-yl)benzyl]benzamide (0.1 g, 0.25 
mmol), dry ether (10 cm 3) and thionyl chloride (1.26 cm 3) were heated at 
reflux under dry nitrogen for 48 h. The solvent was removed in vacuo 
and the residue dried under high vacuum for 2-3 h. The 'H nmr spectrum 
showed the presence of starting material and no imidoyl chloride. 
MI. Thermal Isomerisation of 
CyclopropaIc1isocuino1ines 
(i) Thermal Isomerisation of 7b-Methyl-1-endo-phenyl-la-phenyl-
1-(E-2-phenylethenyl)cyclopropa [ci isopuinoline 255 
7b-Methyl- 1 -endo-phenyl- la-phenyl- 1-(E-2-phenylethenyl) 
cyclopropa[c]isoquinoline (0.05 g, 0.133 mmol) in dry C6D6 (0.7 cm 3) was 
heated under reflux for 35 h. The reaction was monitored by 'H nmr 
spectroscopy and was found to be complete after 35 h. Evaporation of the 
solvent gave a brown oil. Dry-flash column chromatography and MPLC 
on silica, eluting with hexane-ethyl acetate (9:1) gave 8-methyl-9,11,13- 
triphenyl- 12-azatricyclo[6. 3.2.0 27]trideca-2(7), 3,5,9, 12-pentaene 	as 	a 
crystalline solid (0.17 g, 35%), and 10-methyl-8,11,13-triphenyl-12- 
azatetracyclo[7. 3.1.0. 2,70. 8, '°]trideca-2(7), 3,5,1 1-tetraene 	as 	a 	clear 
NVI 
crystalline solid (0.33 g, 65%), mp 116-118 0C from pentaneDCM* 
(Found: (M+1), 412.2057. C31H25N requires (M+1), 412.2065); 6H(200 
MHz, CDC13) 1.14 (3 H, s, CH3), 2.53 (1 H, t, J 2.2 Hz, CH), 3.30 (1 H, s, 
CH), 5.10 (1 H, t, J 1.8 Hz, CH), 6.89-7.51 (19 H, m, Ar-H); 6c(63  MHz, 
CDC13) 23.5 (CH3), 31.7 (quat.), 34.2 (CH), 37.0 (CH), 45.0 (quat.), 64.0 
(CH), 125.9 (CH), 126.2 (CH), 126.6 (CH), 127.3 (2 x CH), 127.8 (3 x CH), 
127.9 (2 x CH), 128.1 (CH), 128.3 (CH), 128.4 (2 x CH), 129.5 (CH), 130.1 
(CH), 132.6 (CH), 135.5 (quat.), 137.0 (quat.), 138.1 (quat.), 141.2 (quat.), 
170.1 (quat.); m/z (FAB) 413 (M+1, 45%), 412 (44), 411 (100), 396 (11), 
321 (12), 309 (19), 276 (14), 246 (12), 228 (14), 215 (18), 192 (10), 165 (24), 
115 (16), 93 (13); vmax(Nujol)/cm' 1620 (C=ND. * isothermal distillation. 
Thermal Isomerisation of 7b-Methvl-1-endo--nhenyl-la-phenvl-
1-(Z-2-phenylethenyl)cyclopropaFclisoguinoline 256 
7b -Methyl-i -endo-phenyl- la-phenyl- 1- (Z-2-phenylethenyl) 
cyclopropa[c]isoquinoline (0.06 g, 0.146 mmol) in dry C6D6 (0.7 cm 3) was 
heated under reflux for 35 h. The reaction was monitored by 1H nmr 
spectroscopy and was found to be complete after 35 h. Evaporation of the 
solvent gave a brown oil. Dry-flash column chromatography and MPLC 
on silica, eluting with hexane-ethyl acetate gave 8-methyl-9,11,13-
triphenyl- 12-azatricyclo[6.3.2.0 2 ' 7]trideca-2(7), 3,5,9, 12-pentaene 	as 	a 
crystalline solid (18 mg, 32%), and 10-methyl-8,11,13-triphenyl-12- 
azatetracyclo [7.3.1 .0. 2 ' 70.8"°]trideca-2(7), 3,5,1 1-tetraene 	as 	a 	clear 
crystalline solid (32 mg, 68%). 
Thermal Isomerisation of 	7b-methyl-1 a-phenyl-1H- 
cycloprona[clisociuinoline 315 
7b-Methyl- 1 a-phenyl- 1H-cyclopropa[c] isoquinoline (0.1 g, 0.43 
mmol) in dry benzene (2 cm 3) was heated under reflux for 12 h. 
Evaporation of the solvent gave a brown oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 5- 
218 
methyl-3-phenyl-1H-2-benzazepine as a brown crystalline solid (0.1 g, 
100%), mp 111-112 OC  from pentane DCM* (Found: C, 87.4; H, 6.8; N, 
5.9%; (M+1), 234.1264. C17H15N requires C, 87.5; H, 6.5; N, 6.0%; 
(M+1), 234.1283); 6H(200 MHz, CDC13, 245 K) 2.49 (3 H, d, J 1.2 Hz, 
CH3), 3.90 (1 H, d, J 10.5 Hz, CH2), 4.98 (1 H, d, J 10.5 Hz, CH2), 6.90 (1 
H, J 1.3 Hz, CH), 7.25-7.78 (9 H, m, Ar-H); 8c(63 MHz, CDC13) 23.8 (CH3), 
56.3 (CH2), 107.5 (CH), 124.2 (CH), 125.5 (CH), 126.0 (CH), 127.6 (2 x 
CH), 127.9 (CH), 128.0 (2 x CH), 129.3 (CH), 129.9 (CH), 137.6 (quat.), 
137.8 (quat.), 138.7 (quat.), 147.4 (quat.), 165.1 (quat.); m/z (FAB) 236 
(M+1, 43%), 235 (90), 234 (91), 222 (53), 218 (71), 207 (70), 203 (28), 193 
(36), 181 (21), 165 (28), 147 (65), 135 (27); Vmax(NUJO1)/Cffi 4 1618 (CN). * 
isothermal distillation. 
(iv) Thermal Isomerisation of 7b-Methyl-1-exo-phenyl-la-phenvl-
1H-cyclopropaFc]isopuinoline 319 
7b-Methyl- 1-exo-phenyl- 1 a-phenyl- 1H-cyclopropa [c] isoquinoline 
(0.1 g, 0.32 mmol) in dry toluene (5 cm3) was heated under reflux for 24 h. 
Evaporation of the solvent gave a brown oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 5-
methyl-3,4-diphenyl-1H-2-benzazepine as a yellow glassy foam (0.07 g, 
75%), (Found: (M+1), 310.1606. C23H19N requires (M+1), 310.1596); 
6H(200 MHz, CDC13) 2.43 (3 H, s, CH3), 4.14 (1 H, d, J 9.9 Hz, CH2), 4.96 
(1 H, d, J 9.9 Hz, CH2), 7.05-7.63 (14 H, m, Ar-H); c(63 MHz, CDC13) 21.6 
(CH3), 55.8 (CH2), 126.8 (CH), 126.9 (CH), 127.0 (CH), 127.1 (CH), 127.4 
(2 x CH), 127.7 (2 x CH), 128.3 (CH), 128.4 (CH), 128.6 (2 x CH), 130.6 (2 
x CH), 136.6 (quat.), 138.8 (quat.), 139.4 (quat.), 139.6 (quat.), 139.7 
(quat.), 143.0 (quat.), 167.3 (CN); m/z (FAB) 311 (M+1, 33%), 310 (100), 
308 (12), 215 (62), 178 (75); v max(Nujol)/cm' 1606 (CN). 
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(v) 	Thermal 	Isomerisation 	of 	1, 17b-Trimethvl-1 a- 
phenylcyclopropalclisociuinoline 324 
1,1, 7b-Trimethyl- la-phenylcyclopropa[c]isoquinoline (0.1 g, 0.38 
mmol) in dry p-xylene (5 cm3) was heated under reflux for 24 h. 
Evaporation of the solvent gave a brown oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 4-
methyl-3-phenyl-4-propen-2'-ylisoquinoline as a white solid (0.1 g, 100 %), 
mp 68-69 0C from pentane (Found: C, 87.6; H, 7.6; N, 5.0%; (M+1), 
262.1601. C19H19N requires C, 87.4; H, 7.3; N, 5.3%; (M+1), 262.1596); 
6H(200 MHz, CDC13) 1.49 (3 H, d, J 0.8 Hz, CR3), 1.61 (3 H, s, CR3), 5.06 
(2 H, d, J 2.3 Hz, CH2), 5.11 (1 H, t, J 1.2 Hz, CH2), 5.26 (1 H, s, CH2), 
7.17-7.88 (9 H, m, Ar-H); 8c(63 MHz, CDC13) 20.9 (CH3), 25.1 (CR3), 48.5 
(quat.), 56.0 (CR2), 112.8 (CH2), 123.8 (CH), 124.8 (CH), 125.4 (CH), 126.4 
(CH), 127.1 (CH), 127.5 (CH), 127.6 (CH), 128.4 (CH), 132.6 (quat.), 134.3 
(quat.), 138.3 (quat.), 140.7 (quat.), 147.5 (quat.), 171.4 (quat.); m/z (El) 
262 (M+1, 27%), 261 (100), 159 (33), 144 (80), 141 (12), 128 (34), 115 (20), 
103 (11); vmax(Nujol)/cm' 1628 (CN). 
NO Thermal Isomerisation of 17b-Dimethyl-1-exo-phenyl-la-
phenylcyclopropa[clisopuinoline 330 
1, 7b-Dimethyl- 1-exo-phenyl- la-phenylcyclopropa [c]isoquinoline 
(0.06 g, 0.18 mmol) in dry p-xylene (2cm3) was heated under reflux for 48 
h. Evaporation of the solvent gave a brown oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 4-
methyl-3-phenyl-4-(1 '-phenylethenyl)isoquinoline as a colourless oil (0.05 
g, 83%), (Found: (M+1), 324.1743. C24H21N requires (M+1), 324.1752); 
5H(200 MHz, CDC13) 1.71 (3 H, s, CR3), 4.59 (1 H, d, J 20.9 Hz, CH2), 4.69 
(1 H, d, J 20.5 Hz, CR2), 5.41 (1 H, d, J 0.7 Hz, CH2), 5.54 (1 H, d, J 0.7 
Hz, CH2), 6.55-7.45 (14 H, m, Ar-H); c(63  MHz, CDC13) 26.1 (CH3), 48.6 
(quat.), 52.9 (CR2), 115.3 (CR2), 125.0 (CH), 125.5 (CH), 126.5 (CH), 126.6 
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(CH), 127.2 (CH), 127.4 (2 x CH), 127.5 (2 x CH), 127.8 (2 x CH), 127.9 (2 
x CH), 128.2 (CH), 131.7 (quat.), 138.7 (quat.), 141.0 (quat.), 141.1 (quat.), 
151.5 (quat.), 171.7 (quat.); m/z (FAB) 276 (M+1, 20%), 262 (15), 250 (19), 
234 (11), 128 (15), 115 (16), 105 (100); v max(Nujol)/cm' 1638 (C=N). 
Thermal Isomerisation of 1,7b-Dimethyl-1-endo-phenyl-la-
phenvlcyclopropalclisouuinoline 334 
1, 7b-Dimethyl- 1 -endo-phenyl-1 a-phenylcyclopropa[c] isoquinoline 
(0.15 g, 0.46 mmol) in dry para-xylene (5 cm 3) was heated under reflux for 
48 h. Evaporation of the solvent gave a yellow oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 4-
methyl-3-phenyl-4-(1'-phenylethenyl)isoquinoline as a colourless oil (0.1 
g, 	66%) 	and 	1, 7b-dimethyl- 1-exo-phenyl- la- 
phenylcyclopropa [c] isoquinoline (0.03 g, 20%). 
Thermal Isomerisation of 	7b-Ethvl-1.1-dimethvl-la- 
pheny1cyclopropa[clisociuinoline 338 
7b-Ethyl- 1, 1-dimethyl- la-phenylcyclopropa [c]isoquinoline (0.05 g, 
0.18 mmol) in dry p-xylene (3 cm 3) was heated under reflux for 24 h. 
Evaporation of the solvent and dry-flash column chromatography on 
silica, eluting with hexane-ethyl acetate (9:1) gave 4-ethyl-3-phenyl-4-
propen-2'-ylisoquinoline as a yellow oil (45 mg, 90 %), (Found: (M+1), 
274.1685. C20H21N requires (M+1), 274.1752); 6H( 200 MHz, CDC13) 0.46 
(3 H, t, J 7.3 Hz, CH3), 1.52 (3 H, d, 0.7 Hz, CH3), 2.01 (2 H, q, CH2), 5.01 
(1 H, t, 1.1 Hz, CH2), 5.05 (2 H, s, CH2), 5.19 (1 H, s, CH2), 7.03-7.65 (9 H, 
m, Ar-H); c(63  MHz, CDC13) 9.0 (CH3), 21.5 (CH3), 30.2 (CH2), 52.2 
(quat.), 53.1 (CH2), 111.8 (CH2), 124.3 (CH), 125.5 (CH), 126.4 (CH), 127.1 
(CH), 127.6 (2 x CH), 127.8 (2 x CH), 128.5 (CH), 132.0 (quat.), 135.6 
(quat.), 140.7 (quat.), 148.9 (quat.), 169.0 (quat.); m/z (FAB) 276 (M+1, 
20%), 262 (15), 250 (19), 234 (11), 128 (15), 115 (16), 105 (100); 
vmax(Nujol)/cm' 1628 (C=N). 
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Thermal 	Isomerisation 	of 	7b-Methyl-1.1,1a- 
tripheny1cyc1opropa[c1isouino1ine 342 
7b-Methyl- 1,1, la-triphenylcyclopropa [c]isoquinoline (0.05 g, 0.13 
mmol) in dry p-xylene (3 cm 3) was heated under reflux for 188 h. 
Evaporation of the solvent gave a yellow oil. Dry-flash column 
chromatography on silica, eluting with hexane-ethyl acetate (9:1) gave 
3,5,5-triphenyl-2-benzazepine as a yellow oil (0.02 g, 40 %), (Found: 
(M+1), 386.1939. C29H23N requires (M+1), 386.1909); 611(200 MHz, 
CDC13) 1.74 (3 H, s, CH3), 6.78-7.55 (19 H, m, Ar-H), 8.39 (1 H, br, 
HC=N); m/z (FAB) 387 (M+1, 37%), 386 (100), 323 (14), 307 (14), 282 
(15), 270 (15), 254 (15), 220 (28), 215 (23), 199 (24), 181 (30), 165 (49), 149 
(27), 131 (39), 105 (100); and startimg material (0.01 g). 
Attempted Base Catalysed Isomerisation of 1,1.7b-Trimethyl-
1a-phenylcyclopropaEc1isouinoline 324 
1,1, 7b-Trimethyl- 1 a-phenylcyclopropa [c] isoquinoline (0.05 g, 
0.19 mmol) and lithium bis(trimethylsilylamide) (0.19 cm 3, 0.19 mmol) 
were stirred in THF (5 cm 3) at room temperature for 168 h under dry 
nitrogen. No 4-methyl-3-phenyl-4-propen-2'-ylisoquinoline was obtained 
from this reaction. 
1,1, 7b-Trimethyl- 1 a-phenylcyclopropa[c] isoquinoline (0.05 g, 
0.19 mmol) and lithium bis(trimethylsilylamide) (0.19 cm 3, 0.19 mmol) 
were heated in toluene (5 cm 3) at reflux for 48 h. No 4-methyl-3-phenyl-
4-propen-2'-ylisoquinoline was obtained from this reaction. 
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Appendix 1 
3-Methoxycarbonyl-2-phenyl-3a? 1 1b-thhvdro-3H-dibenzoe,g]indole 
Figure 8 
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Table 1. Crystal data and structure refinement for IBDCO)4. 
Identification code INDCOK 
Empirical formula C24 319 N 02 
Formula weight 353.40 
Temperature 295(2) K 
Wavelength 0.71073 A 
Crystal system Monoclinic 
Space group P2(1)/a 
Unit cell dimensions a = 8.369(4) A 	alpha = 90 deg. 
b = 20.174(5) A 	beta = 106.70(4) deg. 
c = 11.159(5) A 	gAa = 90 deg. 
Volume 1804.6(13) A"3 
Z 4 
Density (calculated) 1.301 Mg/a3 
Absorption coefficient 0.083 ma-1 
F(000) 744 
Crystal size 0.8 x 0.5 x 0.2 mm 
Theta range for data collection 2.73 to 24.97 deg. 
Index ranges -9<=h<=9, 0<=k<23, 0<1(=13 
Reflections collected 3314 
Independent reflections 3148 	[R(int) = 0.0294] 
Refinement method Full-matrix least-squares on F'2 
Data / restraints / parameters 3134 / 0 / 245 
Goodness-of-fit on F'2 1.013 
Final R indices [I>2sigma(I)] Ri = 0.0469, wR2 = 0.1032 
R indices (all data) Ri = 0.0831, wR.2 = 0.1254 
Extinction coefficient 0.0081(13) 
Largest diff. peak and hole 0.175 and -0.160 e.A-3 
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C(6)-C(5)-C(4) 119 .4(2) 






























































Symmetry transformations used to generate equivalent atoms: 
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Appendix 2 
8-Methyl-9, 11, 13-triphenyl- 12-azatricyclo 





ab1e 1. Crystal data and structure refinement for jps28O at 150(2) K. 
mp.rical formula C31 H25 N 
roraula weight 411.52 
iavelength 1.54184 A 
Crystal system Monoclinic 
Space group P2(1)/fl 
Unit cell dimensions a = 10.3624(7) A 	alpha 
= 90 deg. 
b = 19.1821(13) A beta = 94.549(4) deg. 
c = 11.1715(5) A 	gamma = 90 deg. 
Val u.me 2213.6(2) A3 
Z 4 
Density (calculated) 1.235 Mg/m3 
Ab orption coefficient 0.538 ma-1 
F( 00) 872 
CrFstal description Colourless lump 
Crystal size 0.35 x 0.31 x 0.06 mm 
T eta range for data collection 4.59 to 60.07 deg. 
Index ranges -11<=h<11, -20<k<21, -6<l<12 
Ref lections  collected 3928 
Independent reflections 3223 [R(int) 	= 0.0232] 
Scan type omega-theta 
Data / restraints / parameters 3219/0/290 (Full-matrix least-squares on F2 
Goodness-of-fit on F'2 1.024 
Conventional R (F>4sigma(F)] Ri = 0.0438 	[2464 data] 
R indices (all data) Ri = 0.0634, 	wR2 = 0.1193 
Extinction coefficient 0.0029(3) 
Final maximum delta/Sigma 0.000 
Weighting scheme 
cab 	 where P=(FO'2+2FC2)/3 
Largest diff. peak and hole 0.205 and -0.206 e.A -3  
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N(2) -C(3)-C(31)  
N(2)-C(3)C(4) 
C(31)-C(3)C(4) 
C (32) -C (31)-C (36) 
C(32)-C(31)C(3) 







C (41) -C (4)-C (3) 
C(4A)-C(4)C(3) 
C (4 1) -C (4)-C (9) 

































































































































C(10)_C(11)C(111)C(116) 133. 1(2) 
C(1)_C(11)-C(111)C(116) -97.7(2) 
C(116)_C(111)C(112)C(113) 	1.1(3) 






C( 114)-C(115 ) -C(116)C(111) 	-1.5(4) 
Symmetry transformations used to generate equivalent atoms: 
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Appendix 3 
Tb- 1-endo-Phenvi- la-phenvi- 1-(E-2-
phenvethenv1)cvc1op rop a[c]isoquinoline 
Figure 11 
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Table 1. 	Crystal data and structure refinement for xjpsc3 at 220 K. 
Empirical formula C31 E25 Ni. 
Formula weight 411.55 
Wavelength 1.54180 A 
Crystal system Monoclinic 
Space group P 	1 	21/c 	1. 
Unit cell dimensions a = 21.503(8) A 	alpha = 90 deg. 
b = 6.613(4) 	A beta = 94.38(3) 	deg. 
c = 16.214(5) A 	gamma = 90 deg. 
Volume 2298.89 A3 
2 4.00 
Number of reflections for cell 46 
Theta range for cell 20 to 22 deg. 
Density (calculated) 1.19 Mg/m'3 
Absorption coefficient 0.49 ma-1 
F(000) 874.10 
Crystal description colourless 	plate 
Crystal size 0.62 x 0.31 x 0.04 mm 
Theta range for data collection 2.50 to 60.00 deg. 
Index ranges -24<=h<=24, 	0<=k<=7, 0<=1<=18 
Reflections collected 3953 
Independent reflections 2951 	(R(int) 	= 0.061 
Scan type 2\q/\w 




Number of reflections used 2127 
Observed criterion >2.00\s(I) 
Refinement type Full-matrix least-squares on F -CRYSTALS 
Extinction coefficient 	: 101(23) 
Final maximum delta/sigma 0.018580 
Weighting scheme Chebychev 3-term polynomial 
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Table 5: Bond lengths and angles for xjpsc3 at 220K. 
C(l) 	-  1.542(4) 
C(1) 	- C(72) 1.553(3) 
C(1) 	-  1.499(4) 
C( 1) 	- C(17) 1.493(4) 
C(10) 	- N(2) 1.446(3) 
C(10) 	- C(72) 1.553(4) 
C(10) 	- C(25) 1.502(4) 
N(2) 	- .C(3) 1.287(3) 
- C(31) 1.449(4) 
C(31) 	- C(4) 1.402(4) 
C(31) 	- C(71) 1.399(4) 
- C(S) 1.390(4) 
C(S) 	- C(6) 1.377(4) 
C(6) 	- C(7) 1.397(4) 
C(7) - C(71) 1.402(4) 
 - C(72) 1.488(4) 
 - C(73) 1.513(4) 
C(11) - C(12) 1.398(4) 
C(11) - C(16) 1.387(4) 
C(12) - C(13) 1.387(4) 
C(13) - C(14) 1.388(5) 
C(14) - C(15) 1.372(5) 
C(15) - C(16) 1.383(4) 
 - C(18) 1.320(4) 
 - C(19) 1.483(4) 
 - C(20) 1.377(4) 
C(19) - C(24) 1.387(4) 
 - C(21) 1.391(4) 
 - C(22) 1.376(5) 
 - C(23) 1.361(5) 
 - C(24) 1.383(5) 
C(25) - C(26) 1.391(4) 
 - C(30) 1.381(4) 
 - C(27) 1.379(5) 
 - C(28) 1.372(5) 
 - C(29) 1.370(5) 
 - C(30) 1.387(4) 
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C(10) 	- C(1) 	- C(72) 60.1(2) 
C(10) 	- C(1) 	- C(11) 118.6(2) 
C(72) 	- C(l) 	- C(11) 120.3(2) 
C(10) 	- C(1) 	- C(17) 117.7(2) 
C(72) 	- C(].) 	- C(17) 116 .3(2) 
C(11) 	- C(1) 	- C(17) 113.8(2) 
C(1) 	- C(10) 	- N(2) 117.5(2) 
C(1) 	- C(10) 	- C(72) 60.5(2) 
N(2) 	- C(10) 	- C(72) 120.5(2) 
C(1) 	- C(10) 	- C(25) 121.6(2) 
N(2) 	- C(10) 	- C(25) 108.7(7) 
C(72) 	- C(10) 	- C(25) 121.3(2) 
C(10) 	- N(2) 	- C(3) 118.7(2) 
N(2) 	- C(3) 	- C(31) 126.1(3) 
C(3) 	- C(31) 	- C(4) 119.6(3) 
- C(31) 	- C(71) 119.6(2) 
- C(31) 	- C(71) 120.4(3) 
C(31) 	- C(4) 	- C(S) 120.3(3) 
- -  119.4(3) 
C(5) 	- C(6) 	- C(7) 121.2(3) 
C(6) 	- C(7) 	-  120.0(3) 
C(31) 	- C(71) 	- C(7) 118.7(2) 
C(31) 	- C(71) 	-  119.9(2) 
C(7) 	- C(71) 	- C(72) 121.4(2) 
C(1) 	- C(72) 	- C(10) 59.4(2) 
C(1) - C(72) 	- C(71) 118.0(2) 
C(10) - C(72) - C(71) 114.4(2) 
C(1) - C(72) - C(73) 117.2(2) 
C(10) - C(72) - C(73) 121.4(2) 
C(71) - C(72) - C(73) 115.2(2) 
C(1) - C(11) - C(12) 119.9(2) 
C(1) - C(11) - C(16) 121.0(2) 
C(12) - C(11) - C(16) 118.9(2) 
 - C(12) - C(13) 120.1(3) 
 - C(13) - C(14) 120.0(3) 
 - C(14) - C(15) 120.0(2) 
 - C(15) - C(16) 120.3(3) 
C(11) - C(16) - C(15) 120.7(3) 
C(1) - C(17) - C(18) 126.2(2) 
C(17) - C(18) - C(19) 125.3(3) 
C(18) - C(19) - C(20) 120.0(3) 
C(18) - C(19) - C(24) 121.5(3) 
C(20) - C(19) - C(24) 118.4(3) 
C(19) - C(20) - C(21) 121.3(3) 
C(20) - C(21) - C(22) 119.6(3) 
C(21) - C(22) - C(23) 119.1(3) 
C(22) - C(23) - C(24) - 121.9(3) 
C(19) - C(24) - C(23) 119.5(3) 
C(10) - C(25) - C(26) 120.7(2) 
C(10) - 	C(25) - C(30) 120.4(2) 
C(26) - C(25) - C(30) 118.6(3) 
 - 	C(26) - C(27) 120.1(3) 
 - C(27) - C(28) 120.4(3) 
 - C(28) - C(29) 120.4(3) 
 - 	C(29) - C(30) 119.3(3) 
C(25) - C(30) -. C(29) 121.1(3) 
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Appendix 4 
10-Methyl-8, 11, 13-triphenyl- 12-azatetracyclo[7.3. l.O.O.810] 
trideca-2(7),3,5, 1 1-tetraene 
Ph 	Me 












C3 	c l -"C131 











Table 1. 	Crystal data and structure refinement for xjpsc4 at 220 K. 
Empirical formula C32 a27 Ni C12 
Formula weight 496.48 
Wavelength 1.54180 A 
Crystal system Monoclinic 
Space group C 	1 2/c 	1. 
Unit cell dimensions a = 26.662 A 	alpha = 90 deg. 
9.496 A beta = 108.080 deg. 
c = 21.929 A 	gamma = 90 deg. 
Volume 5277.90 A3 
Z 8.00 
Number of reflections for cell 31 	 - 
Theta range for cell 10 to 22 deg. 
Density (calculated) 1.25 14g/m3 
Absorption coefficient 2.38 mn-1 
F(000) 2089.90 
Crystal description colourless 	lump 
Crystal size 0.45 	x 0.27 	x 0.16 mm 
Theta range for data collection 2.50 to 60.00 deg. 
Index ranges -29<h<28, 	0<=k<=10, 0<1<24 
Reflections collected 4229 
Independent reflections 3276 	(R(int) 	= 0.021 
Scan type omega-theta 




Observed criterion >2.00\s(I) 
Refinement type Full-matrix least-squares on F -CRYSTALS 
Final maximum delta/sigma 0.040169 
Weighting scheme Chebychev 5-term polynomial 
Largest cliff, peak and hole 0.68 and -0.40 e.A-3 
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Table 5: Bond lengths and angles for xjpsc4 at 220 K. 
C(i) 	- N(2) 1.477(6) 
C(1) 	- C(90) 1.497(8) 
C(1) 	- C(11) 1.550(7) 
N(2) 	- C(3) 1.286(6) 
C(3) 	- C(31) 1.504(7) 
C(3) 	- C(4) 1.484(7) 
C(31) 	- C(32) 1.384(7) 
C(31) 	- C(36) 1.397(7) 
-  1.389(8) 
C(33) 	- C(34) 1.381(9) 
C(34) 	- C(35) 1.363(9) 
C(35) 	- C(36) 1.389(8) 
C(4) - C(41) 1.517(7) 
C(4) - C(S) 1.583(7) 
C(4) - C(10) 1.536(7) 
C(S) - C(50) 1.506(7) 
C(S) - C(Sl) 1.500(7) 
C(S) - C(10) 1.504(7) 
C(50) - C(6) 1.401(8) 
 - C(90) 1.399(7) 
 - C(52) 1.397(7) 
C(51) - C(56) 1.402(7) 
C(52) - C(53) 1.370(8) 
C(53) - C(54) 1.388(9) 
C(54) - C(55) 1.389(9) 
C(55) - C(56) 1.385(8) 
 - C(7) 1.377(8) 
 - C(8) 1.359(9) 
C(S) - C(9) 1.375(8) 
 - C(90) 1.391(7) 
 - C(11) 1.509(7) 
 - C(111) 1.511(7) 
C(111)- C(112) 1.392(7) 
 C(116) 1.388(8) 




C(100)- CL(100) 1.751(9) 
C(100)- CL(101) 1.716(9) 
C(100)- CL(102) 1.722(9) 
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N(2) 	- C(1) 	- C(90) 106.6(4) 
N(2) 	- C(1) 	- C(11) 112.0(4) 
C(90) 	- C(1) 	- C(11) 110.7(4) 
C(1) 	- N(2) 	- C(3) 116.8(4) 
N(2) 	- C(3) 	- C(31) 115.4(4) 
N(2) 	- C(3) 	- C(4) 124.8(4) 
C(31) 	- C(3) 	- C(4) 119.7(4) 
C(3) 	- C(31) 	- C(32) 122.1(4) 
C(3) 	- C(31) 	- C(36) 119.5(4) 
C(32) 	- C(31) 	- C(36) 118.4(5) 
C(31) 	- C(32) 	- C(33) 121.1(5) 
- -  119.0(5) 
C(33) 	- C(34) 	- C(35) 121.2(5) 
C(34) 	- C(35) 	- C(36) 119.7(5) 
C(31) 	- C(36) 	- C(35) 120.6(5) 
C(3) 	- C(4) 	- C(41) 118.0(4) 
C(3) 	- C(4) 	- C(S) 119.5(4) 
C(41) 	- C(4) 	- C(S) 117.1(4) 
C(3) 	- C(4) 	- C(10) 115.3(4) 
C(41) 	- C(4) 	- C(10) 114.9(4) 
C(5) 	- C(4) 	- C(10) 57.7(3) 
- - C(S0) 119.1(4) 
C(4) 	- C(S) 	- C(51) 116.0(4) 
C(50) 	- C(5) 	- C(51) 115.3(4) 
C(4) 	- C(S) - C(10) 59.6(3) 
 - C(5) - C(10) 116.6(4) 
 - C(S) - C(10) 119.1(4) 
C(S) - C(50) - C(6) 121.9(5) 
C(5) - C(50) - C(90) 118.7(4) 
C(6) - C(50) - C(90) 119.2(5) 
C(S) - C(51) - C(52) 121.6(5) 
C(5) - C(51) - C(56) 120.1(4) 
C(52) - C(51) - C(56) 118.3(5) 
 - C(52) - C(53) 121.8(5) 
 - C(53) - C(54) 119.6(5) 
 - C(54) - C(55) 119.9(5) 
 - C(55) - C(56) 120.4(5) 
C(51) - C(56) - C(55) 120.1(5) 
C(50) - C(6) - C(7) 119.8(5) 
C(6) - C(7) - C(S) 120.6(5) 
C(7) - C(8) - C(9) 121.0(5) 
C(8) - C(9) - C(90) 119 .9(5) 
C(1) - C(90) - C(50) 118.9(4) 
C(1) - C(90) - C(9) 121.6(5) 
C(50) - C(90) - C(9) 119 .5(5) 
C(4) - C(10) - C(S) 62.7(3) 
C(4) - C(10) - C(11) 115.7(4) 
C(5) - C(10) - C(11) 119.7(4) 
C(1) - C(11) - C(10) 107.6(4) 
C(1) - C(11) - C(111) 111.1(4) 
 - C(11) - C(111) 113 .8(4) 
 - C(111)- C(112) 122 .9(5) 
C(11) - C(111)- C(116) 119 .7(5) 
C(112)- C(111)- C(116) 117.4(5) 
C(111)- C(112)- C(113) 120.9(5) 
  C(114) 121.3(6) 
C(113)- C(114)- C(115) 119.1(5) 
C(114)- C(115)- C(116) 119.8(5) 
C(111)- C(116)- C(115) 121.4(5) 




7.15.diphenv116azat.etracyc1o[6.6.2.0t 5 .09 . 14 ] 
hexadeca-5,9(14), 10, 121 .. 15-pentaene 
Figure 14 
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Data / restraints / parameters 
- 	 -. Gocaness-of-tit on F 
2 
Final R indices (I>2a(I)1 
R indices (all data) 
Extinction coefficient 
Largest diff. oeak and hole 
jps2O 
C 7 L 
H. .N 
361.46 




a = 8.304(3) A 	= 90° 
b = 11.722(5) A = 91.57(4) ° 
C = 19.804(8) A 	y = 900 





0.50 x 0.27 x 0.20 mm 
2.63 to 20.07 






Full-matrix least-scuares on F 2 
5 	1802 / 0 / 254 
1.005 
Ri. = 0.1132, wR2 = 0.2605 
RI = 0.2096, wR2 = 0.3487 
0.011(5) 
- j 
0.370 and -0.516 e 
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Table 3. Bond lengths [A] and angles ( 
0  1 for 1. 
C(l)-N(2) 1.487(13) C(i)-C(8A) 
1.49(2) 
0) 1.55(2) N(2)-C(3) 
1.284(13) 
C(3)-C(31) 1.502(14) C(3)-C(4) 
1.54(2) 
C (4) -c (4') 1.53 (2) C (4) -C(4A) 
1.54(2) 
C(4)-C(5') 1.55(2) C(4A)-C(8A) 
1.38(2) 
C(4A)-C(5) 1.39(2) C(5)-C(6) 
1.40(2) 
C(6) -C(7) 1.38(2) C(7) -C(8) 
1.35(2) 
C(8)-C(8A) 1.43(2) C(9)-C(5') 
1.32(2) 
C(9) -C(10) 1.51(2) C(10) -C(101) 
1.51(2) 
C(2')-C(3') 1.49(2) C(2')-C(S') 
1.50(2) 
C(3' ) -C (4') 1.55(2) C (31) -C(36) 
1.38(2) 
C (31) -C (32) 1.40(2) C(32)-C(33)  
1.41(2) 
C(33)-C(34)  1.37 (2) C(34) -C(35) 
1.35(2) 
C (35) -C(36) 1.40(2) C (101) -C(106) 
1.38(2) 
C(101) -C(i02) 1.42(2) C(102) -C(103) 
1.36(2) 
C(103)-C(1O4) 1.39(2) C(104)-C(105) 
1.39(2) 
C(105)-C(lO6) 1.37(2) 
N(2)-C(1)-C(8A). 111.4(9) N(2)-C(1)-C(10) 
107.5(8) 
C(8A)-C(1)-C(10) 113.4(9) C(3)-N(2)-C(1) 
114.2(9) 
N (2) -C (3) -C(31) 114.5(10) N(2) -C(3) -C(4) 
123.3(9) 
C (31) -C (3) -C (4) 121.7(11) C (4') -C(4) -C (3) 
118.3(9) 
C(4')-C(4)-C(4A) 114.2(9) C(3)-C(4)-C(4A) 
105.7(8) 
C(4')-C(4)-C(5') 104.1(9) C(3)-C(4)-C(5') 
107.8(8) 
C(4A)-C(4)-C(5') 106.0(8) C(8A)-C(4A)-C(5) 
121.1(10) 
C(8A)-C(4A)-C(4) 115.5(10) C(5)-C(4A)-C(4) 
123.4(11) 
C (4A) -C(5)-C(6) 118.4(11) C (7) -C(6) -C(5) 
120.6(12) 
C (8) -C (7) -C (6) 121.4 (12) C(7)-C(g)-C(8A) 
119.1(12) 
C(4A)-C(8A)-C(8) 119.3(11) C(4A)-C(8A)-C(1) 
117.7(10) 
C(8)-C(BA)-C(1) 122.9(11) C(5')-C(9)-C(10) 
128.0(11) 
C(9)-C(10)-C(101) 113.0(10) C(9)-C(10)-C(1) 
114.2(9) 
C (10 1) -C (10) -C (1) 112.4(9) C (3') -C(2' ) -C(5') 
106.2(10) 
C(2')-C(3')-C(4') 102.6(10) C(4)-C(4')-C(3') 
104.3(9) 
C (9) -C (5') -C(2') 128.1(11) C (9) -C(5') -C(4) 
124.7(10) 
C (2') -C(5') -C (4) 107.2(10) C(36) -C(31) -C(32) 
118.8(10) 
C (36) -C (31) -C(3) 121.7(10) C (32) -C (31) -C (3) 
119 .4(10) 
C(31)-C(32)-C(33) 119.7(11) C(34)-C(33)-C(32) 
120.4(11) 
C(35) -C(34) -C(33) 119.7(11) C (34) -c (35) -c (3 6) 121.2(13) 
C (3 1) -C(36) -C(35) 120.1(11) C(106) -C(l01) -C (102) 
117.4(11) 
C(106)-C(101)-C(10) 	122.9(12) C(102)-C(101)-C(10) 
119.4(12) 
C(103)-C(102)-C(101) 118.6(12) C(102)-C(103)-C(104) 
123.1(12) 
C (105) -C (104) -C(103) 	118.7(13) C(106) -c (105) -C (104) 	118.3(13) 
C(105) -C(106) -C(101) 123 .7(12) 
Symmetry transformations used to generate equivalent atoms: 
Appendix 6 









• W Csi 	
f C3 rl 
C. 









Table I. crystal data and structure refinement for labour(1974) at 150 K. 
Empirical formula C19 ff19 NI. 
Formula weight 261.37 
Wavelength 1.54180 A 
Crystal system Monoclinic 
P 1 21/c 1 Space group 
Unit call dimensions a = 8.657(6) A 	alpha = 90 deg. 
b = 24.09(2) A beta = 94.95(8) deg. 
C = 7.071(8) A 	gamma = 90 deg. 
Volume 1469.14 A3 
Z 4.00 
Number of reflections for cell 15 
Theta range for call 20 to 22 deg. 
Density (calculated) 1.18 Mg/m'3 
Absorption coefficient 0.48 mm'-1 
F(000) 561.32 
Crystal description colourless 	block 
Crystal size 0.47 x 0.35 	x 0.19 mm 
Theta range for data collection 2.5 to 60.00 deg. 












Final maximum delta/sigma 
0 
1670 [R(int) = 0.06] 











Table 5: Bond lengths and angles. 
C(l) 	- N(2) 1.467(7) 
C(1) 	- C(81) 1.512(7) 
N(2) 	- C(3) 1.252(7) 
C(3) 	- C(31) 1.516(7) 
C(3) 	- C(4) 1.559(7) 
C(31) 	- C(32) 1.400(7) 
C(31) 	- C(36) 1.380(7) 
C(32) 	- C(33) 1.366(7) 
C(33) 	- C(34) 1.397(8) 
C(34) 	- C(35) 1.368(8) 
C(35) 	- C(36) 1.398(7) 
C(4) 	- C(41) 1.584(7) 
C(4) 	-  1.457(9) 
C(4) 	- C(51) 1.556(6) 
C(42) 	-  1.51(1) 
C(42) 	-  1.353(9) 
C(51) 	- C(5) 1.393(7) 
C(51) 	- C(81) 1.367(7) 
C(S) 	- C(6) 1.393(7) 
C(6) 	- C(7) 1.364(8) 
C(7) - C(8) 1.392(7) 
C(S) - C(81) 1.395(7) 
N(2) - C(1) 	- C(81) 	113.3(5) 
C(1) - N(2) - - C(3) 120.1(4) 
N(2) - C(3) 	- C(31) 	115.9(4) 
14(2) - C(3) 	- C(4) 123.4(4) 
C(31) - C(3) 	- C(4) 	120.5(4) 
C(3) - C(31) 	- C(32) 118.6(4) 
C(3) - C(31) - C(36) 	123.2(4) 
C(32) - C(31) - C(36) 117.9(4) 
C(31) - C(32) - C(33) 	122.0(5) 
C(32) - C(33) 	- C(34) 119.4(5) 
C(33) - C(34) - C(35) 	119.5(4) 
C(34) - C(35) - C(36) 120.8(5) 
C(31) - C(36) - C(35) 	120.3(4) 
C(3) - C(4) - C(41) 107.3(5) 
C(3) - C(4) - C(42) 	112.6(4) 
C(41) - C(4) - 	C(42) 111.5(6) 
C(3) - C(4) - C(51) 	107.3(4) 
 - C(4) - C(51) 108.2(4) 
 - C(4) - C(51) 	109.8(5) 
C(4) - C(42) - 	C(43) 112.2(6) 
C(4) - C(42) - 	C(44) 	122.6(8) 
C(43) - C(42) - C(44) 125.0(7) 
C(4) - C(51) - 	C(5) 	122.6(5) 
 - C(51) - 	C(81) 118.6(4) 
 - C(51) - 	C(81) 	118.7(4) 
C(51) - C(S) - 	C(6) 120.5(5) 
C(S) - C(6) - 	C(7) 	120.1(5) 
 - C(7) - 	C(S) 120.2(4) 
 - C(8) - 	C(81) 	119.1(5) 
C(1) - C(81) - 	C(51) 119.1(4) 
C(1) - C(81) - 	C(S) 	119.4(5) 
C(51) - C(81) - 	C(8) 121.4(5) 
245 
References 
1 R. Huisgen, Angew. Chem., mt. Ed. Engl., 1963, 2, 565, 633. 
2 G. Bianchi, C. DeMicheli and R. Gandolfi in "The Chemistry of Double-bonded 
Functional Groups" (ed. S. Patai), Interscience, 1977, London, p. 369. 
3 R. Huisgen, J. Org. Chem., 1968, 33, 2291. 
4 R. Huisgen, J. Org. Chem., 1976, 41, 403. 
5 R. A. Firestone, J. Org., Chem., 1968, 33, 2285. 
6 R. A. Firestone, J. Org. Chem., 1972, 37, 2181. 
7 R. A. Firestone, Tetrahedron, 1977, 3009. 
8 R. B. Woodward and R. Hoffmann, Angew. Chem. mt. Ed. Engl., 1969, 8, 781; Acc. 
Chem. Res., 1968, 1, 17. 
9 K. Fukui, Acc. Chem. Res., 1971, 4, 57. 
10 K. N. Houk, L. J. Luskus, J. Sims and C. R. Watts, J. Am. Chem. Soc., 1973, 95, 
7301. 
11 R. E Duke, J. K. George, K. N. Houk, J. Sims and R. W. Strozier, J. Am. Chem. Soc., 
1973, 95, 7287. 
12 R. Huisgen, J. Org. Chem., 1976, 41, 403. 
13 R. Sustmann, Tetrahedron Lett., 1971, 2717, 2721; Pure Appi. Chem., 1974, 40, 569. 
14 J. Sauer and R. Sustmann, Angew. Chem. mt. Ed. Engl., 1980, 19, 779. 
15 J. Baran and H. Mayr, J. Am. Chem. Soc., 1987, 109, 6519. 
16 R. Huisgen, G. Mioston and E. Langhals, J. Am. Chem. Soc., 1986, 108, 6401. 
17 R. Sustmann, Pure Appi. Chem., 1974, 40, 57. 
18 N. A. Lebel and J. J. Whang, J. Am. Chem. Soc., 1959, 81, 6334. 
19 W. Oppoizer, Angew. Chem. mt. Ed. Engl., 1977, 16, 10. 
20 A. Padwa in "1,3-Dipolar Cycloaddition Chemistry" (ed. A. Padwa), Wiley-
Interscience, 1984, vol. 2, New York. 
21 A. Padwa, Angew. Chem. mt. Ed. Engl., 1976, 15, 123. 
22 J. J. Turfariello, Acc. Chem. Res., 1979, 12, 396. 
23 W. Oppolzer, Heterocycles, 1980, 14, 1624. 
24 A. Padwa, "New Synthetic Methods," vol. 5, Verlag Chemie, 1979, New York. 
25 R. B. Woodward and R. Hoffmann, J. Am. Chem. Soc., 1965, 87, 395. 
26 J. C. Pommelet and J. Chuche, Can. J. Chem., 1976, 54, 1571. 
27 H. W. Heine, L. M. Baclawski, S. M. Bonser and G. D. Wachob, J. Org. Chem., 1976, 
41, 3229. 
28 R. M. Kellogg, Tetrahedron, 1976, 32, 2165. 
29 R. Huisgen, Angew. Chem. mt. Ed. Engl., 1977, 16, 572. 
246 
30 R. Huisgen, Angew. Chem. mt. Ed. Engl., 1980, 19, 947. 
31 E. C. Taylor and I. J. Turchi, Chem. Rev., 1979, 79, 181. 
32 J. T. Sharp, R. H. Findlay and P. B. Thorogood, J. Chem. Soc., Perkin Trans. 1, 1975, 
102. 
33 K. L. M. Stanley, J. Dingwall, J. T. Sharp and T. W. Naisby, J. Chem. Soc., Perkin 
Trans. 1, 1979, 1433. 
34 I. R. Robertson and J. T. Sharp, Tetrahedron, 1984, 40, 3095. 
35 K. N. Houk and J. C. Evanseck, unpublished calculations. 
36 A. Orahovats, H. Heimgartner, H. Schmid and W. Heinzelman, Helu. Chim. Ada, 
1975, 58, 2662 
37 P. Caramella and K. N. Houk, J. Am. Chem. Soc., 1976, 98, 6397; P. Caramella, R. W. 
Grandour, J. A. Hall, C. G. Deville and K. N. Houk, ibid, 1977, 99, 385. 
38 K. Burger, W. Thenn and E. Muller, Angew. Chem. hit. Ed. Engl., 1973, 12, 155; K. 
Burger and K. Einhellig, Chem. Ber., 1973, 106, 3421. 
39 R. Huisgen, H. Stangi, H. J. Strum and H. Wagenhofer, Angew. Chem. hit. Ed. 
Engl., 1962, 1, 50, 
40 B. C. Challis and J. A. Challis in "The Chemistry of Functional Groups" (ed. S. 
Patai); "The Chemistry of Amides" (ed. J. Zabicky), Interscience, 1970, London. 
41 K. Burger, J. Albanauer and F. Manz, Chem. Ber., 1974, 107, 1823. 
42 K. Burger and J. Fehn, Chem. Ber., 1972, 105, 3814. 
43 K. Burger, K. Einheffig, W. D. Roth and E. Daltrozzo, Chem. Ber., 1977, 110, 605. 
44 G. Hofle and W. Steglich, Chem. Ber., 1971, 104, 1408; B. Kubel, G. Hofle and 
W. Steglich, Angew. Chem. hit. Ed. Engl., 1975, 14, 58. 
45 A. Padwa and S. I. Wetmore Jr., J. Am. Chem. Soc., 1974, 96, 2414. 
46 A. Padwa and P. H. J. Carisen in "Reactive Intermediates" vol. 2 (ed. R. A. 
Abramovitch), Plenum Press, 1982, New York and London 
47 A. Hassner and W. Fowler, J. Am. Chem. Soc., 1968, 90, 2869. 
48 R. F. Parcell, Chem. hid., 1963, 41, 1396. 
49 U. Gerber, H. Heimgartner, H. Schmid and W. Heinzelman, Helu. Chim. Acta, 1977, 
60,687. 
50 K. Burger, K. Emhellig, W. D. Roth and L. Hatzelmann, Tetrahedron Lett., 1974, 
2701. 
51 A. Padwa, M. Dharan, J. Smolanoff and S. I. Wetmore Jr., J. Am. Chem. Soc., 1976, 
98, 1048. 
52 K. Bunge, R. Huisgen, R. Raab and H. J. Strum, Chem. Ber., 1972, 105, 1307. 
53 Ref. 2, supplement A. 
247 
54 A. Padwa, M. Dharan, J. Smolanoff and S. I. Wetmore Jr., J. Am. Chem. Soc., 1973, 
95, 1945. 
55 W. Kirmse, in A. T. Blomquist and H. H. Wasserman, Eds. Organic Chemistry, vol. 
1, 2nd Ed.: Carbene Chemistry, Academic Press, New York, 1971. 
56 K. Burger, K. Einhellig, G. Suss and A. Gieren, Angew. Chem. mt. Ed. Engl., 1973, 
12,156. 
57 A. Padwa and P. H. J. Carisen, J. Am. Chem. Soc., 1975, 97, 3862. 
58 A. Padwa and P. H. J. Carisen, J. Am. Chem. Soc., 1977, 99, 1514. 
59 T. L. Gilchrist and C. W. Rees, "Carbenes, Nitrenes and Arynes", Nelson, 1969, 
London. 
60 J. Fischer and W. Steglich, Angew. Chem. hit. Ed. Engl., 1979, 18, 167. 
61 K. R. Motion, I. R. Robertson and J. T. Sharp, J. Chem. Soc., Chem. Comnmnun., 1984, 
1531. 
62 A. Padwa and A. Ku, J. Am. Chem. Soc., 1978, 100, 2181. 
63 A. Padwa, J. Smolanoff and A. Tremper, J. Am. Chem. Soc., 1975, 97, 4682. 
64 T. Matsuura and Y. Ito, Tetrahedron Lett., 1973, 2283. 
65 P. W. Groundwater, C. Struthers-Semple and J. T. Sharp, J. Chem. Soc., Chem. 
Commun., 1987, 2069. 
66 K. R. Motion, I. R. Robertson, J. T. Sharp and M. D. Walkinshaw, J. Chem. Soc., 
Perkin Trans. 1, 1992, 1709. 
67 H. Finch, D. H. Reece and J. T. Sharp, J. Chem. Soc., Perkin Trans. 1, 1994, 1193. 
68 T. K. Miller and J. T. Sharp, J. Chem. Soc., Perkin Trans. 1, 1984, 223. 
69 K. E. Cullen and J. T. Sharp, J. Chem. Soc., Chem. Comnmun., 1991, 658. 
70 K. E. Cullen and J. T. Sharp, J. Chem. Soc., Perkin Trans. 1, 1995, 2565. 
71 P. A. Bartlett, Tetrahedron, 1980, 36, 28. 
72 H. Levy, A. C. Cope, J. Am. Chem. Soc., 1944, 66, 1684. 
73 J. F. Harris, Tetrahedron Lett., 1965, 1359. 
74 J. M. Brown, B. T. Golding and J. J. Stofko, J. Chem. Soc., Chem. Comnmun., 1973, 
319. 
75 M. P. Schneider, A. Rau, J. Am. Chem. Soc., 1979, 101, 4426. 
76 F. Vogtle, E. Goldscmitt, Chem. Ber., 1976, 109, 1. 
77 D. Brombach, Synthesis, 1977, 800. 
78 L. E. Overman, L. T. Mendelson and E. J. Jacobsen, J. Am. Chem. Soc., 1983, 105, 
6629. 
79 W. J. Thompson and J. Gaudins, J. Org. Chem., 1984, 49, 5237. 
80 M. J. Sharp, W. Chang and V. Snieckus, Tetrahedron Lett., 1987, 28, 5097. 
81 T. A. Myohanen, V. Bouriotis and P. G. Dean, Biochemn. J., 1981, 197, 683. 
248 
82 N. Miyaura, Y. Yanagi and A. Suzuki, Synthetic Commun., 1981, 11, 513. 
83 S. Gronowitz, V. Bobosik and K. Lawitz, Chem. Scripta, 1984, 23, 120. 
84 N. Miyaura, K. Yamada, H. Suginomc and A. Suzuki, J. Am. Chem. Soc., 1985, 107, 
972. 
85 K. E. Cullen and J. T. Sharp, J. Chem. Soc., Perkin Trans. 1, 1993, 2961. 
86 P. W. Groundwater and J. T. Sharp, Tetrahedron, 1992, 48, 7951. 
87 L. I. Kirmen and D. J. Cota, Org React., 1969, 17, 213; J. A. Sanguini and R. Levine, 
J. Med. Chem., 1964, 573. 
88 W. S. Wadsworth and W. D. Emmons, J. Am. Chem. Soc., 1961, 83, 1733. 
89 D. H. Reece, Ph. D. Thesis, University of Edinburgh, 1992, 146. 
90 H. B. Hass and M. L. Bender, J. Am. Chem. Soc., 1949, 71, 1767. 
91 M. S. Gibson and R. W. Bradshaw, Angew. Chem. mt. Ed. Engl., 1968, 7, 919. 
92 J. C. Sheehan and W. A. Boihofer, J. Am. Chem. Soc.. 1950, 72, 2786. 
93 H. R. Ing and R. F. Manske, J. Chem. Soc., 1926, 2348. 
94 R. N. Butler, J. P. Duffy, D. Cunningham, P. McArdle and L. A. Burke, J. Chem. Soc., 
Chem. Commun., 1990, 1, 882. 
95 Z. Arnold and A. Holy, Coil. Czech. Chem. Commnun., 1961, 26, 3059; (b) I. R. 
Robertson and J. T. Sharp, Tetrahedron, 1984, 40, 3095. 
96 B. Haveaux, A. Dekoker, M. Rens, A. R. Sidani, J. Toye and L. Ghosez, Org. Synth., 
1979, 59, 26. 
97 C. Vogel and P. Delavier, Tetrahedron Lett., 1989, 30, 1789. 
98 P. Delavier, D. Doring, P. G. Jones and C. Vogel, Tetrahedron Lett., 1991, 32, 1409. 
99 K. Hassenruck and H. D. Martin, Synthesis, 1988, 569. 
100 C. J. Moody and G. J. Warrellow, Tetrahedron Lett., 1987, 28, 6089. 
101 P. J. Battye and D. W. Jones, J. Chem. Soc., Perkin Trans. 1, 1986, 1479. 
102 L. Garranti and G. Zecchi, J. Chem. Soc., Perkin Trans. 1, 1977, 2092. 
103 A. Graven, K. A. Jorgensen, S. Dahl and A. Stanczak, J. Org. Chem., 1994, 59, 
3543. 
104 E. Dalcanale and F. Montanan, J. Org. Chem., 1986, 51, 567. 
105 C. Dannock, S. M. Marcuccio and D. F. O'Keefe, Tetrahedron Lett., 1992, 33, 6679. 
106 G. A. Olah, A. Wu and 0. Farooq, J. Org. Chem., 1989, 54, 1375. 
107 D. S. Glass, J. Zirner and S. Winstein, Proc. Chem. Soc., 1963, 276; R. J. Ellis and 
H. M. Frey, J. Chem. Soc., 1964, 5578. 
108 L. M. Harwood, Aldrichchimica Acta, 1985, 18, 25. 
109 W. C. Still, M. Kahn and A. Mitra, J. Org. Chem., 1978, 43, 2923. 
110 Vogel's Textbook of Practical Organic Chemistry, 4th  Edit., (Longman). 
111 J. I. G. Cadogan and S. Kulik, J. Chem. Soc., Perkin Trans. 1, 1971, 2621. 
249 
112 S. Miyano, H. Fukushima, H. Inagawa and H. Hashimoto, Bull. Chem. Soc. Jpn., 
1986, 59, 3285. 
113 Beilstein, 16(2), 376. 
114 C. S. Marvel and N. S. Moon, J. Am. Chem. Soc., 1940, 62, 45. 
115 D. P. Munro and J. T. Sharp, J. Chem. Soc., Perkin Trans. 1, 1984, 849. 
116 Mangini and Montanan, Gazz. Chim. Ital., 1958, 88, 1081, 1099. 
117 R. L. Letsinger, T. E. Feare, P. J. Saveride and J. R. Nazy, J. Org. Chem., 1961, 26, 
1271. 
118 J. Klein, R. Levene, Tetrahedron Lett.., 1974, 34, 2935. 
119 "Handbook of Chemistry and Physics," 43rd edn., The Chemical Rubber Publishing 
Co, Cleveland, Ohio, 1961, 1182. 
120 J. H. Incremona and J. C. Martin, J. Am. Chem. Soc., 1970, 92, 627. 
121 D. J. Cram and M. R. V. Sahyun, J. Am. Chem. Soc., 1963, 85, 1257. 
122 A. Schoenberg, I. Bartoletti and R. F. Heck, J. Org. Chem., 1974, 39, 3318. 
123 D. Lexa, J.-M. Saveant, H. J. Schaefer, K.-B. Su, B. Vering and D. L. Wang, J. Am. 
Chem. Soc., 1990, 112, 6162. 
124 M. Lebedew, Zh. Russ. Fiz.-Khimn. 0-va., 1913, 45, 1348. 
